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(57) Abstract: The invention concerns a device for implementing an analysis pack wherein reaction chains and fluid transfers are 
performed under the effect of control means internal to said pack, said pack comprising at least two parallel reaction chains, each 
chain consisting of at least two fluid transfer in series. The invention also concerns an analysis pack and the method using the device 
and the pack. The device is characterised in that it con^>rises at least one acmator per reaction chain, and all the actuators are at a 
constant distance from one another and preferably the actuators are equidistant The invention is particularly applicable in the field 
of niicrofluidics used in biology. 

(57) Abr^e: La pr^sente invention conceme un dispositif de mise en oeuvre d*une carte d' analyse au sein de laqueUe des chaines 
rdactionnelles et des transferts de fluides sont r^alis^s sous I'effet de moyens de contrdle internes ^ la carte; ladiie carte comporie 
au moins deux chaines r^ciionnelles en parall^le, chaque chaine dtant constitute d'au moins deux transferts de fluides en strie. 

invention conceme ^galement une carte d'analyse et le proc^d mettant en oeuvre le dispositif et la carte. Le dispositif se caractx^rise 
par le fait qu'il comporte au moins un actionncur par chaine r6ictionneUe, et que tous les actionneurs sont ^ une distance constantante 
les uns des autres el prdf^rentiellement les actionneurs sont dquidistants. L invention trouve un application preferentielle dans le 
domaine de la micro- fluidique appliqu^e ^ la biologie. 
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(54) Dual chamber disposable reaction vessel for amplification reactions, reaction processing 
station therefor, and methods of use 



(57) A reaction vessel for a nucleic acid amplifica- 
tion reaction has a first chamber containing an amplifi- 
cation reagent mix. a second chamber containing an 
amplification enzyme, and a fluid channel or chamber 
connecting the first and second chambers together. A 
fluid sample is introduced into the first chamber. After a 
denaturation and primer annealing process has oc- 
curred in the first chamber the fluid chamber is opened 
to allow the solution of the reagent and fluid sample to 
flow into the second chamber. The second chamber is 
maintained at an optimal temperature for the amplifica- 
tion reaction. 

A station is described for processing test strips in- 
corporating the reaction vessels. The station includes 
temperature and vacuum control subsystems to main- 
tain proper temperatures in the reaction vessel and ef- 
fectuate the transfer of the fluid from one chamber to the 
other in an automated fashion without human interven- 
tion. 
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Description 



This invention relates to the field of the equipment 
and methods used for performing nucleic acid amplifi- 
cation reactions. More specifically, the invention relates 
to a novel disposable dual chamber reaction vessel for 
a nucleic acid amplification reaction and a station for 
conducting the reaction in the reaction vessel. 

Nucleic acid based amplification reactions are now 
widely used in research and clinical laboratories for the 
detection of genetic and infectious diseases. The cur- 
rently known amplification schemes can be broadly 
grouped into two classes, based on whether after an 
initial denaturing step (typically performed at a temper- 
ature of > 65 degrees C) for DNA amplifications or for 
RNA amplifications involving a high amount of initial 
secondary structure, the reactions are driven via a con- 
tinuous cycling of the temperature between the dena- 
turation temperature and a primer annealing and ampli- 
con synthesis (or polymerase activity) temperature, or 
whether the temperature is kept constant throughout the 
enzymatic amplification process. Typical cycling reac- 
tions are the Polymerase and Ligase Chain Reaction 
(PGR and LCR, respectively). Representative isother- 
mal reaction schemes are NASBA (Nucleic Acid Se- 
quence Based Amplification). Transcription Mediated 
Amplification (TMA), and Strand Displacement Amplifi- 
cation (SDA). In the isothermal reactions, after the initial 
denaturation step (if required), the reaction occurs at a 
constant temperature, typically a lower temperature at 
which the enzymatic amplification reaction is optimized. 

Prior to the discovery of thermostable enzymes, 
methodologies that used temperature cycling were se- 
riously hampered by the need for dispensing fresh 
polymerase after each denaturation cycle, since the el- 
evated temperature required for denaturation inactivat- 
ed the polymerase during each cycle. A considerable 
simplification of the PGR assay procedure was achieved 
with the discovery of the thermostable Taq polymerase 
(from Thermophilus aquaticus). This improvement elim- 
inated the need to open amplification tubes after each 
amplification cycle to add fresh enzyme. This led to the 
reduction of both the contamination risk and the en- 
zyme-related costs. The introduction of thermostable 
enzymes has also allowed the relatively simple automa- 
tion of the PGR technique. Furthermore, this new en- 
zyme allowed for the implementation of simple dispos- 
able devices (such as a single tube) for use with tem- 
perature cycling equipment. 

TMA requires the combined activities of at least two 
(2) enzymes for which no optimal thermostable variants 
have been described. For optimal primer annealing in 
the TMA reaction, an initial denaturation step (at a tem- 
perature of > 65 degrees G) is performed to remove sec- 
ondary structure of the target. The reaction mix is then 
cooled down to a temperature of 42 degrees G to allow 
primer annealing. This temperature is also the optimal 
reaction temperature for the combined activities of T7 



RNA polymerase and Reverse Transcriptase (RT), 
which includes an endogenous RNase H activity or is 
alternatively provided by another reagent. The temper- 
ature is kept at 42 degrees C throughout the following 
5 isothermal amplification reaction. The denaturation 
step, which precedes the amplification cycle, however 
forces the user to add the enzyme after the cool down 
period in order to avoid inactivation of the enzymes. 
Therefore, the denaturation step needs to be performed 
10 separately from the amplification step. 

In accordance with present practice, after adding 
the test or control sample or both to the amplification 
reagent mix (typically containing the nucleotides and the 
prime), the tube is subject to temperatures > 65 degrees 
^5 c and then cooled down to the amplification tempera- 
ture of 42 degrees G. The enzyme is then added man- 
ually to start the amplification reaction. This step typi- 
cally requires the opening of the amplification tube. The 
opening of the amplification tube to add the enzyme or 
20 the subsequent addition of an enzyme to an open tube 
is not only inconvenient, it also increases the contami- 
nation risk. 

The present invention avoids the inconvenience 
and contamination risk described above by providing a 
25 novel dual chamber or "binary" reaction vessel, a reac- 
tion processing station therefor and methods of use that 
achieve the integration of the denaturation step with the 
amplification step without the need for a manual enzyme 
transfer and without exposing the amplification chamber 
30 to the environment. The contamination risks from sam- 
ple to sample contamination within the processing sta- 
tion are avoided since the amplification reaction cham- 
ber IS sealed and not opened to Introduce the patient 
sample to the enzyme. Gontamination from environ- 
3S mental sources is avoided since the amplification reac- 
tion chamber remains sealed. The risk of contamination 
in nucleic acid amplification reactions is especially crit- 
ical since large amounts of the amplification product are 
produced. The present invention provides a reaction 
^0 chamber design that substantially eliminates these 
risks. 

In a preferred form of the invention, a dual chamber 
reaction vessel is provided which comprises a single or 
unit dose of reagents for a reaction requiring differentia! 
■^5 heat and containment features, such as a nucleic acid 
amplification reaction (for example. TMA reaction) pack- 
aged ready for use. The dual chamber reaction vessel 
is designed as a single use disposable unit. The reaction 
vessel is preferably integrally molded into a test strip 
50 having a set of wash and reagent wells for use in a am- 
plification product detection station. Alternatively, the re- 
action vessel can be made as a stand alone unit with 
flange or other suitable structures for being able to be 
installed in a designated space provided in such a lest 
55 strip. 

In the dual chamber reaction vessel, two separate 
reaction chambers are provided in a preferred form of 
the invention. The two main reagents for the reaction 



BNSDOCrO: <EP ^0875291 A2_L> 



2 




3 EP 0 87 

are stored in a spatially separated fashion. One cham- 
ber has the heat stable sample/amplification reagent 
(containing primers, nucleotides., and other necessary 
salts and buffer components), and the other chamber 
contains the heat labile enzymatic reagents, e.g., T7 
and RT. 

The two chambers are linked to each other by a fluid 

channel extending from the first chamber to the second 
chamber. A means is provided for controlling or allowing 
the flow of fluid through the fluid channel from the first 
chamber to the second chamber. In one embodiment, a 
membrane is molded Into the reaction vessel that seals 
off the fluid channel. A reciprocable plunger or other suit- 
able structure is provided in the reaction vessel (or in 
the processing station) in registry with the membrane. 
Actuation of the plunger causes a breaking of the mem- 
brane seal, allowing fluid to flow through the fluid chan- 
nel. Differential pressure between the two chambers as- 
sists in transferring the patient or clinical or control sam- 
ple through the fluid channel from the first chamber to 
the second chamber. This can be accomplished by ap- 
plying pressure to the first chamber or applying vacuum 
to the second chamber. 

Other types of fluid flow control means are contem- 
plated, such as providing a valve in the fluid channel. 
Several different valve embodiments are described. 

In use. the fluid sample is introduced into the first 
chamber and the first chamber is heated to a denatura- 
tion temperature (e.g.. 95 degrees C). After the amplifi- 
cation reagents in the first chamber have reacted with 
the fluid sample and the denaturation process has been 
completed, the first chamber is quickly cooled to 42 de- 
grees C for primer annealing. The two chambers of the 
reaction vessel are not in fluid communication with each 
other prior to completion of the denaturation and cooling 
step. After these steps are complete, the means for con- 
trolling the flow of fluid is operated to allow the reaction 
solution to pass through the fluid channel from the first 
chamber to the second chamber. For example, the valve 
in the fluid channel is opened and the fluid sample is 
directed into the second chamber either by pressure or 
vacuum techniques. The reaction solution is then 
brought into contact with the amplification enzyme(s) (e. 
g., T7 and/or RT) and the enzymatic amplification proc- 
ess proceeds in the second chamber at 42 degrees C. 

In a preferred embodiment, after completion of the 
reaction, a SPR® (solid phase receptacle) pipette-like 
device is introduced into the second chamber. Hybridi- 
zation, washing and optical analysis then proceeds in 
accordance with well known techniques in order to de- 
tect the amplification products. 

An integrated stand-alone processing station for 
processing a reaction in the dual chamber reaction ves- 
sel in accordance with presently preferred embodiments 
of the invention is described. The processing station in- 
cludes a tray for carrying in proper alignment a plurality 
of test strips, a temperature control subassembly for 
maintaining the two chambers of the reaction vessel at 
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the proper temperatures, a mechanism to open the fluid 
channel connecting the two chambers together, and a 
vacuum subassembly for providing vacuum to the sec- 
ond chamber to draw the fluid sample from the first 
5 chamber into the second chamber. 

Presently preferred embodiments of the invention 
will be described in conjunction with the appended draw- 
ings, wherein like reference numerals refer to like ele- 
ments in the various views, and in which: 

10 

Figure 1 is a schematic representation of a dispos- 
able dual chamber reaction vessel and the heating 
steps associated therewith to perform an isothermal 
amplification reaction, i.e., a TMA reaction, in ac- 
ts cordance with one possible embodiment of the in- 
vention: 

Figure 2 is a schematic representation of alternative 
form of the invention in which two separate reaction 
chambers are combined to form a dual chamber re- 
20 action vessel: 

Figure 3 is a schematic representation of two alter- 
native embodiments of a dual chamber reaction 
vessel that are snapped into place in a test strip for 
processing with a solid phase receptacle and opti- 
cs cal equipment in accordance with a preferred em- 
bodiment of the invention: 

Figure 4 is a schematic representation of an alter- 
native embodiment of a dual chamber reaction ves- 
sel formed from two separate chambers that are 
30 combined in a manner to permit a fluid sample in 
one chamber to be transferred to the other cham- 
ber, with the combined dual chamber vessel placed 
into a test strip such as illustrated in Figure 3: 
Figure 5 is a detailed perspective view of a dispos- 
es able test strip in which one embodiment of the dual 
chamber reaction vessel is integrally molded into 
the test strip at the left-hand end of the test strip: 
Figure 6 is detailed perspective view of the dispos- 
able test strip of Figure 5 as seen from below: 
40 Figure 7 is a cross section of the disposable test 
strip of Figures 5 and 6, showing a plunger having 
a chisel-like tip that is used to pierce a membrane 
in a fluid channel connecting the two chambers to- 
gether to thereby allow the fluid to pass from the 
45 first chamber into the second chamber: 

Figure 8 is a perspective view of the left hand end 
of the test strip of Figures 5-7 shown enlarged In 
order to better illustrate the dual chamber reaction 
vessel: 

50 Figure 9 is a detailed perspective view of a dispos- 

able test strip of Figure 5 as seen from below shown 
greatly enlarged, and with the cap covering the 
base of the first chamber and intermediate chamber 
removed: 

55 Figure 10 is a top plan view of the dual chamber 

reaction vessel of Figures 5-9 shown enlarged: 
Figure 11 is a detailed cross section of the dual 
chamber reaction vessel with the lower cap re- 
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moved as in Figure 9, and with the plunger re- 
moved: 

Figure 12 is a detailed cross section of the dual 
chamber reaction vessel with the lower cap and 
plunger installed as they would be in use: 
Figure 1 3 is a perspective view of the plunger of Fig- 
ure 12: 

Figure 14 is another perspective view of the plung- 
er: 

Figure 15 is an elevational view of the plunger: 
Figure 16 is a perspective view of the cap that cov- 
ers the base of the first chamber and the interme- 
diate chamber of the reaction vessel of Figures 8 
and 9: 

Figure 1 7 is a cross-section of the cap of Figure 1 6: 
Figure 18 is a perspective view of the base of cap 
of Figure 16: 

Figure 1 9 is a perspective view of a stand-alone dis- 
posable dual chamber reaction vessel that is de- 
signed to snap into the test strip of the type shown 
in Figure 5 in the manner suggested in Figure 4: 
Figure 20 is a perspective view of the stand-alone 
disposable dual chamber reaction vessel of Figure 
19, with a lower cap as shown in Figures 16-18 re- 
moved: 

Figure 21 is perspective view of an altemative con- 
struction of the stand-alone disposable dual cham- 
ber reaction vessel of Figure 1 9: 
Figure 22 is a cross-sectional view of the embodi- 
ment of Figure 21 : 

Figure 23 is a cross-sectional view of the embodi- 
ment of Figure 21 showing the action of the helical 
thimble valve being deformed by a vacuum plunger 
and the flow of fluid sample from the first chamber 
into the second chamber: 

Figure 24 is a perspective view of the helical thimble 
valve of Figures 22 and 23: 

Figure 25 is a sectional view of the embodiment of 
Figure 21 showing the flow of fluid through the de- 
vice from the first chamber into the second cham- 
ber: 

Figure 26 is a perspective view of another embod- 
iment of the disposable reaction chamber in accord- 
ance with the invention designed to snap into the 
test strip in the manner suggested in Figure 4: 
Figure 27 is a cross-section of the embodiment of 
Figure 26, showing an enzyme plunger carrying an 
enzyme pellet for introduction into the amplification 
well: 

Figure 28 is a cross-section of a test strip incorpo- 
rating the embodiment of Figure 26: 
Figures 29A-29C show the use of the test strip of 
Figure 28: 

Figure 30 is a schematic representation of an em- 
bodiment of a dual chamber disposable reaction 
vessel in which a plunger is activated to increase 
the fluid pressure in the first reaction chamber to 
break a seal in a fluid channel connecting the first 
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Chamber to the second chamber and force a reac- 
tion solution in the first chamber into the second 
chamber for the amplification reaction to take place: 
Figure 31 is a perspective view of a stand-alone am- 
plification processing station for the test strips hav- 
ing the dual chamber reaction vessels in accord- 
ance with a presently preferred form of the inven- 
tion: 

Figure 32 is a perspective view of one of the ampli- 
fication modules of Figure 31 as seen from the rear 
of the module: 

Figure 33 is a perspective view of the front of the 

module of Figure 32: 

Figure 34 is another perspective view of the module 
of Figure 33: 

Figure 35 is a detailed perspective view of a portion 
of the test strip holder and 95 degree C Peltier heat- 
ing subsystems of the module of Figures 32-34: 
Figure 36 is an isolated perspective view of the test 
strip holder of Figure 35, showing two test strips in 
accordance with Figure 5 installed in the test strip 
holder: 

Figure 37 is a detailed perspective view of the test 
strip holder or tray of Figure 33: 
Figure 38 is a block diagram of the electronics of 
the amplification processing station of Figure 33: 
Figure 39 is a diagram of the vacuum subsystem 
for the amplification processing station of Figure 31 : 
Figure 40 is a graph of the thermal cycle of the sta- 
tion of Figure 31: 

Figure 41 is a perspective view of another embod- 
iment of a dual chamber reaction vessel that is suit- 
ed for use with the test strip of Figure 3 and the re- 
action processing station of Figures 30-39: 
Figure 42 is a vertical sectional view of the vessel 
of Figure. 41 along the line 42-42 of Figure 41: 
Figure 43 is a top view of of the vessel of Figure 42: 
Figure 44 is a detailed illustration of how the conduit 
and external constriction device work together in a 
first possible embodiment of the vessel of Figure 41 : 
Figure 45 is a detailed illustration of how the conduit 
and external constriction device work together in a 
second possible embodiment of the vessel of Fig- 
ure 41: 

Figures 46 is a schematic representation of a dual 
chamber reaction vessel in accordance with one 
possible embodiment of the invention, with the 
schematic representation corresponding, for exam- 
ple, to the embodiment of FIG. 41: and 
Figure 47A-47F are schematic drawings showing 
the different stages of a process for transferring re- 
agent solutions into the vessel and from the first 
chamber to the second chamber 



A preferred form of the invention provides for a dual 
chamber or "binary" reaction vessel. The term "binary" 
refers to the characteristic of the vessel of storing in a 
spatially separated fashion at least two different rea- 
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gents, for example a heat stable sample/amplification 
reagent(s) containing, tor example, primers and nucle- 
otides in one chamber and heat labile enzyme(s) such 
as T7 and RT in the second chamber. The reagents with- 
in the two chambers are not in contact prior to comple- 5 
tion of the denaturation and cooling steps. The first 
chamber is accessible via a pierceable membrane or 
other means so as to permit a patient or clinical or con- 
trol sample(s) in liquid form to be added into the first 
chamber. The second chamber is sealed and contains to 
the enzymatic components of the amplification reaction. 
The enzymatic components may be in several physical 
forms, such as liquid, pelletized. lyophilized. etc. After 
the contents of the first chamber is brought into contact 
with the second chamber the reaction can then take '5 
place, such as in the second chamber. 

In one possible form of the invention, the two cham- 
bers may be part of an integrated disposable unit. In an- 
other possible embodiment, the two chambers may be 
two distinct units which have complementary engaging 20 
surfaces or features that allow the two units to be com- 
bined into a single unit. In the first embodiment, where 
the two chambers are part of a unitary article, the unit 
must be made to prohibit the exchange of materials be- 
tween the two chambers during shipping and prior to the 25 
denaturation (heating) step. In both embodiments, a 
mechanism is required by which the contents of the first 
chamber (the patient or test sample and amplification 
reagent(s) mix after denaturation and primer annealing) 
is brought into contact with the enzyme(s) in the second 3C 
chamber. The mechanism operates to introduce the 
contents of the first chamber into the second chamber 
following the completion of the denaturation step and 
the cooling of the patient sample/amplification mix to the 
appropriate temperature for the enzymatic amplification 3i 
reaction, e.g.. 42 degrees C. Several different mecha- 
nisms are described in detail herein. 

Figure 1 is a schematic representation of a dispos- 
able dual chamber reaction vessel 10 and the heating 
steps associated therewith to perform an isothermal re- 
action, i.e.. a TMA reaction, in accordance with one pos- 
sible embodiment of the invention. Chamber A contains 
the amplification reagents or mix, namely deoxynucle- 
otides. primers. MgCIs and other salts and buffer com- 
ponents. Chamber B contains the amplification enzyme 
(s) that catalyzes the amplification reaction, e.g.. T7 
and/or RT. After addition of the targets (or patient sam- 
ple) into chamber A. heat is applied to chamber A to de- 
nature the DN A nucleic acid targets and/or remove RN A 
secondary structure. The temperature of chamber A is 5 
then quickly cooled down to allow primer annealing. 
Subsequently, the solution of chamber A is brought into 
contact with chamber B. Chambers A and B. now in fluid 
communication with each other, are then maintained at 
the optimum temperature for the amplification reaction. ' 
e.g., 42 degrees C. By spatially separating chamber A 
from chamber B. and applying the heat for denaturation 
to chamber A only, the thermolabile enzymes in cham- 



ber B are protected from inactivation during the dena- 
turation step. 

Figure 2 is a schematic representation of an alter- 
native form of the invention in which two separate reac- 
tion chambers 12 and 14 are combined to form a dual 
chamber reaction vessel 10. Like the embodiment of 
Figure 1. Chamber A is pre-loaded during a manufac- 
turing step with an amplification reagent(s) or mix, 
namely nucleotides, primers, MgCl2 and other salts and 
buffer components. Chamber B is pre-loaded during 
manufacturing with the amplification enzyme(s) that cat- 
alyzes the amplification reaction, e g . T7 and/or RT. Flu- 
id sample is then introduced into chamber A. The sam- 
ple is heated for denaturation of nucleic acids to 95 de- 
grees C in chamber A. After cooling chamber A to 42 
degrees C, the solution in chamber A is brought into con- 
tact with the enzymes in chamber B to trigger the iso- 
thermal amplification reaction. 

If the reaction vessel is designed such that, after 
having brought the contents of chambers A and B into 
contact, the amplification chamber does not allow any 
exchange of materials with the environment, a closed 
system amplification is realized which minimizes the risk 
of contaminating the amplification reaction with heterol- 
ogous targets or amplification products from previous 
reactions or the environment. 

Figure 3 is a schematic representation of two alter- 
native dual chamber reaction vessels 10 and 10" that 
are snapped into place in a test strip 19 for processing 
with a solid phase receptacle and optical equipment in 
accordance with a preferred embodiment of the inven- 
tion. In the embodiments of Figure 3. a unidirectional 
flow system is provided. The sample is first introduced 
into chamber A for heating to the denaturation temper- 
ature. Chamber A contains the dried amplification rea- 
gent mix 16. After cooling, the fluid is transferred to 
chamber B containing the dried enzyme(s) 18 in the 
form of a pellet. Chamber 8 is maintained at 42 degrees 
C after the fluid sample is introduced into Chamber B. 
The amplification reaction takes place in Chamber B at 
the optimum reaction temperature (e.g.. 42 degrees C). 
After the reaction is completed, the test strip 19 is then 
processed in a machine such as the VI DAS instrument 
commercially available from biomMerieux Vitek. Inc.. 
Hazelwood. Missouri, the assignee of the present inven- 
tion Persons of skill in the art are familiar with the VI DAS 
instrument. 

The unidirectional flow features could be provided 
by a suitable one-way valve such as check valve 20 in 
the fluid conduit 22 connecting chambers A and B. The 
action of transferring the fluid from chamber A to cham- 
ber B could be by any of several possible methods, such 
as by introduction of fluid pressure in the solution in 
chamber A (such as by a piston), or applying a vacuum 
> to chamber B to draw the solution through the fluid chan- 
nel 22. Examples of these methods are described in de- 
tail below. 

The steps of heating and cooling of chamber A 
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could be performed prior to the insertion of the dual 
chamber disposable reaction vessel 10 or 10 ' into the 
test strip 16, or alternatively, suitable heating elements 
could be placed adjacent to the left hand end 24 of the 
test strip 19 in order to provide the proper temperature 
control of the reaction chamber A. The stand alone am- 
plification processing station of Figures 31-40. de- 
scribed below, incorporates suitable heating elements 
and control systems to provide the proper temperature 
control for the reaction vessel 10. 

Figure 4 is a schematic representation of an alter- 
native embodiment of a dual chamber reaction vessel 
10" formed from two separate interlocking vessels 10A 
and 1 0B that are combined in a manner to permit a fluid 
sample in one chamber to flow to the other with the com- 
bined dual chamber vessel 10 " placed into a test strip 
1 9 such as described above in Figure 3. The fluid sam- 
ple is introduced into chamber A, which contains the 
dried amplification reagent mix 16. Vessel A is then 
heated off-line to 95 degrees C, then cooled to 42 de- 
grees C. The two vessels A and B are brought together 
by means of a conventional snap fit between comple- 
mentary locking surfaces on the tube projection 26 on 
chamber B and the recessed conduit 28 on chamber A. 
The mixing of the sample solution from chamber A with 
the enzyme(s) from chamber B occurs since the two 
chambers are in fluid communication with each other 
as indicated by the arrow 30. The sample can then be 
amplified in the combined dual chamber disposable re- 
action vessel 10 " off-tine, or on-line by snapping the 
combined disposable vessel 10 " into a modified VI DAS 
strip. The VIDAS instrument could perform the detection 
of the amplification reaction products in known fashion. 

Figure 5 is a detailed perspective view of a modified 
disposable test strip 1 9 similar to that used in the VIDAS 
instrument in which a dual chamber reaction vessel 10 
comprising a first chamber 32 and a second chamber 
34 is integrally molded into the test strip 19 at the left- 
hand end 24 of the test strip. The test strip 19 includes 
a plurality of wells to the right of the dual chamber reac- 
tion vessel 10. These wells include a probe well 36. a 
hybridization well 38, an empty well 40. four wash buffer 
wells 42. 44. 46 and 48. and a well 50 for containing a 
bleach solution. A substrate cuvette 52 is inserted into 
the opening 52 at the right hand end 54 of the strip for 
performance of optical analysis. The test strip 19 is used 
in conjunction with a SPR®. not shown in the drawings, 
which is used to draw a fluid sample out of the amplifi- 
cation well 34. The SPR is then dipped into the other 
wells 36 - 50 during the test procedure in known fashion 
to perform the analysis, for example as performed in the 
commercially available VIDAS instrument. 

Figure 6 is a detailed perspective view of a dispos- 
able test strip of Figure 5 as seen from below. Figure 7 
is a cross section of the disposable test strip of Figures 
5 and 6. showing a plunger 56 having a chisel-like tip at 
the lower end thereof that is used to pierce a membrane 
in a fluid channel connecting the two chambers 32 and 



34 together to thereby allow the fluid to pass from the 
first chamber 32 Into the second or amplification cham- 
ber 34. 

Figure 8 is a perspective view of the left hand end 
5 of the test strip of Figures 5-7 shown enlarged in order 
to better illustrate the dual chamber reaction vessel 10. 
Figure 9 is a detailed perspective view of a disposable 
test strip of Figure 5 as seen from below shown greatly 
enlarged, and with a cap 60 (Figure 12) covering the 
^0 base of the first chamber and the intermediate chamber 
or fluid channel removed to better illustrate the structure 
of the device. 

Figure 10 is a top plan view of the dual chamber 
reaction vessel of Figures 5-9 shown enlarged. Figure 
?5 1 1 is a detailed cross-section of the dual chamber reac- 
tion vessel with the lower cap removed as in Figure 9, 
and with the plunger removed. Figure 12 is a detailed 
cross section of the dual chamber reaction vessel with 
the lower cap 60 and plunger 56 installed as they would 
^0 be in use. 

Referring to Figures 5-12. the test strip 19 includes 
a molded body 62 that defines the walls of a reaction 
vessel 10. The vessel 10 includes a first chamber 32 in 
which a dried amplification reagent mix is placed at the 
2S bottom of the chamber 32 during manufacturing of the 
test strip 1 9. Polypropylene is a suitable material for use 
in molding the device 10 and test strip 19, and a thick- 
ness of 40 mils for the walls defining the chambers 32 
and 34 is adequate in the illustrated operational embod- 
30 iment. The wells of the test strip, including the first and 
second chambers 32 and 34. respectively, are covered 
with a thin film or membrane 64 after manufacture, 
shown in Figures 7, 11. 12. to seal all of the wells and 
reaction vessel 10. The membrane (such as PET com- 
3S monly known as MYLAR, or aluminum foil with a more- 
prine polyethylene/polypropylene mix adhesive) is re- 
moved from Figures 5. 8 and 10 in order to illustrate the 
structures in the test strip 19. 

The bottom of the first chamber 32 is capped by a 
^0 cap 60 that is ultrasonically welded to the bottom surface 
68 of the walls defining the first chamber The cap 60 is 
shown greatly enlarged in Figures 16-18 and discussed 
below. The cap 60 provides a fluid passage from the 
base of the first chamber 32 to the base of an interme- 
^5 diary fluid passage 70 connecting the first chamber 32 
to the second chamber 34. A plunger 56 with a chisel- 
like tip is positioned in the intermediary fluid passage 
70. The chisel tip of the plunger 56 breaks a membrane 
or seal 72 (Figure 9) in the fluid passage (flashed mold- 
50 ed in the fluid passage during molding) when the plunger 
56 is depressed from above. This allows fluid to migrate 
from the first chamber 32 into the fluid passage 70, up 
along the side of the plunger 56 and into a second chan- 
nel 74 (Figures 8 and 1 0) communicating with a enzyme 
55 pellet chamber 76 that contains the enzyme pellet (not 
shown). The fluid sample dissolves the enzyme pellet 
as it travels through the enzyme pellet chamber 76 into 
the second or amplification chamber 34 (see Figure 8). 
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A vacuum port 80 (Figure 8) is provided in fluid com- 
munication with the second chamber 34. A Porex poly- 
ethylene filter (not shown) is positioned within the vac- 
uum port 80. Vacuum is used to effectuate the transfer 
of the fluid sample from the first chamber 32 to the sec- 
ond chamber 34 after the plunger 56 has been moved 
to the lower position to break the seal 72. A vacuum im- 
plement containing a vacuum probe or tube (see e.g.. 
Figure 33) is inserted into the vacuum port 80 in a man- 
ner such that a seal is formed in the top surface 82 of 
the strip adjacent the vacuum port 80. Vacuum is drawn 
in the vacuum tube. The pressure difference resulting 
from ambient pressure in the first chamber 32 and a vac- 
uum in the second chamber 34 draws fluid up the inter- 
mediate chamber or fluid passage 70 and into the chan- 
nel 74 and pellet chamber 76 and into the second cham- 
ber 34. 

Figure 13 is an isolated perspective view of the 
plunger 56 of Figure 12. Figure 14 is another perspec- 
tive view of the plunger 56, shown from below. Figure 
1 5 is an elevational view of the plunger 1 5. Referring to 
Figures 13-15. the plunger includes a cylindrically- 
shaped body 90 having a chisel 92 at the lower end 
thereof and a head portion 94. The head portion 94 in- 
cludes a circular ring 96 with voids 98 formed therein to 
promote the drawing of a vacuum in the intermediate 
chamber 70 (Figures 8 -12) in which the plunger is In- 
stalled. The head 94 has downwardly depending feet 
100 that seat on a rim 102 (Figure 11) inside the inter- 
mediate chamber 70 when the plunger 65 has been de- 
pressed to its lowermost position, as shown in Figure 
12. The chisel 92 has a tip 104 that breaks through the 
seal or membrane 72 obstructing the passage of fluid 
up the intermediate channel 70. The seal 72 is best 
showing Figures 9, 11 and 12. Figure 12 shows the 
placement of the chisel 92 just above the seal 72 as it 
would be while the heating to 95 degrees C in the first 
chamber 32 is occurring and during the cool-down pe- 
riod. 

As shown in Figure 14. the plunger has a V-shaped 
groove 106 in the side of the plunger body 90 that pro- 
vides a channel for fluid to rise up the length of the cy- 
lindrical body 90 of the plunger to the elevation of chan- 
nel 74 (Figure 1 0) connecting the intermediate chamber 
70 with the enzyme pellet chamber 76. 

Figure 16 is a perspective view of the top surface 
of the cap 60 that covers the base of the first chamber 
of the reaction vessel of Figures 8 and 9. shown greatly 
enlarged. Figure 17 is a cross-section of the cap 60 of 
Figure 16. Figure 18 is a perspective view of the base 
of cap 60. Referring to these figures, in conjunction with 
Figures 6 and 9. it will be seen from Figure 8 that without 
the cap 60 there is no base to the first chamber 32 and 
no fluid passage between the first chamber 32 and the 
intermediary chamber 70. The cap 60 provides the base 
of the first chamber 32 and the passage between the 
first chamber 32 and the intermediate chamber 70. The 
cap 60 includes a shallow tray 110 positioned to form a 



base of the first chamber 32. The tray 110 slopes down- 
wardly to a small passage 112 linking the shallow tray 
11 0 to a circularly shaped reservoir 1 1 4 that is in vertical 
alignment with the circular wall 116 of the intermediate 
5 chamber (see Figure 9). The semirectangular and sem- 
icircular rim 118 of the cap 60 is ultrasonically bonded 
to the bottom portions 68 and 116 of the first and inter- 
mediate chambers, respectively, as shown in Figure 6. 
In the installed condition, when the fluid sample has 
10 been introduced into the first chamber 32. the fluid will 
pass into the channel 112 and reservoir 114. immediate- 
ly below the seal 72 in the intermediate chamber (see 
Figure 9). Thus, when the seal 72 is broken by the plung- 
er 56 and vacuum is drawn from the vacuum port 80 of 
15 Figure 8. the solution of the fluid sample and reagent 
from the first chamber 32 will be drawn up the side of 
the plunger 56 and into the enzyme pellet chamber 76. 
dissolving the pellet, and into second chamber 34 where 
the amplification reaction takes place. 
20 Referring to Figure 5. after the amplification reac- 
tion has occurred in the second chamber 34 at the prop- 
er temperature, the SPR (not shown) is lowered into the 
second chamber 34 and a portion of the amplified sam- 
ple is withdrawn into the SPR. The SPR and test strip 
25 are moved relative to each other such that the SPR is 
positioned above the adjacent probe well 36. whereup- 
on it is lowered into the probe well 36. The rest of the 
analytical processes with the SPR and test strip are con- 
ventional and well known in the art. For example, the 
30 process may be implemented in the manner performed 
by the VIDAS instrument of the applicants' assignee. 

Figure 1 9 is a perspective view of a stand-alone dis- 
posable dual chamber reaction vessel 10 that is de- 
signed to snap into the test strip 19 of the type shown 
35 in Figure 5 in the manner suggested in Figure 4. Figure 
20 is a perspective view of the stand-alone disposable 
dual chamber reaction vessel of Figure 1 9 shown upside 
down, with a lower cap constructed as shown in Figure 
16-1 8 to cover the base of the first chamber 32 and in- 
40 termediate chamber 70 removed. A thin film or foil type 
membrane is applied to the top surface of the reaction 
vessel 10, in a manner to cover the first chamber 32. the 
intermediate chamber 34. enzyme pellet chamber 76. 
second chamber 34 and vacuum port 80. The film is not 
45 shown in Figure 1 9 in order to better illustrate the struc- 
tures of the reaction vessel 10. Further, a plunger for the 
intermediate chamber 70 is also not shown. Once the 
stand-alone disposable reaction vessel of Figures 19 
and 20 has been installed into the test strip, the opera- 
50 tion of the embodiment of Figures 19 and 20 is exactly 
as described above. 

To accommodate the vessel of Figures 19 and 20 
into the test strip 1 9 of Figures 5 and 6. the test strip 1 9 
is modified by providing an aperture in the left hand end 
55 24 of the test strip adjacent to the probe well 36. and 
providing suitable rail structures to allow a pair of flanges 
120 on the periphery of the unit 10 to snap into the test 
strip 1 9. Of course, it will be understood that after mold- 
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ing of the reaction vessel of Figure 19. the nucleic acid 
and annplification reagent will be added to the first cham- 
ber 32. and the enzyme pellet is added to the enzyme 
pellet chamber 76. Then, the film covering the entire top 
surface of the vessel 1 0 will be applied to seal the cham- 
bers. The device is then ready for use as described 
herein. 

Figure 21 is perspective view of yet another alter- 
native construction of the disposable dual chamber re- 
action vessel 10 of Figure 19 that can be molded into 
the test strip or made as a separate unit to snap into a 
test strip 19 as described above. The vessel 10 has a 
first chamber 32 and a second chamber 34 and an in- 
termediate chamber 70 linking the two chambers 32 and 
34 together. The base of the first chamber 32 has a hole 
that is plugged with a cap 60 that is ultrasonically welded 
to the base of the housing 130. The cap 60 is spaced 
slightly from the bottom surface of a wall 1 32 forming 
the side of the first chamber 32. thereby defining a small 
passage 1 34 for fluid to flow out of the first chamber into 
the intermediate chamber 70. Amplification reagents 16 
for the denaturation step are loaded into the base of the 
chamber 32 of the reaction vessel 10. as shown in Fig- 
ure 25. An enzyme pellet 1 8 is loaded into the secondary 
chamber 34. 

An elastomeric thimble-shaped valve element 140 
having helical rib features 142. shown isolated in Figure 
24: is positioned in the intermediate chamber 70. Figure 
22 is a cross-sectional view of the embodiment of Figure 
2T showing the thimble valve 140 in the intermediate 
chamber 70. A filter 144 is positioned above the top of 
the thimble valve 144. In Its relaxed state, a lower cir- 
cumferential rib 148 on the thimble valve 140 and the 
exterior surfaces of the helical rib feature 1 42 on the side 
walls of the thimble valve 1 40 make contact with the wall 
of the intermediate chamber 70, sealing off the chamber 
70 and preventing fluid from passing from the gap 134 
separating the cap 60 from the wall 1 32. up the interme- 
diate chamber 70 and into the secondary chamber 34. 

The resilient thimble valve 140 Is deformable such 
that the lower circumferential rib 148 may be moved 
away from the wall of the intermediate chamber 70. This 
is achieved by inserting an element 1 52 into the interior 
of the thimble valve 1 40 and pressing on the wall portion 
1 49 of the valve 1 40 to stretch and deform the end wall 
and adjacent shoulder of the thimble valve. Figure 23 is 
a cross-sectional view of the embodiment of Figure 21 
showing the action of the helical thimble valve 1 40 being 
deformed by a vacuum plunger 152 that is inserted into 
the interior of the thimble valve 1 40. The end of the vac- 
uum plunger presses against the wall 149. as shown in 
Figure 23, pulling the lower circumferential rib away 
from the wall of the intermediate chamber 70. The heli- 
cal rib feature 142 stays in contact with the cylindrical 
wall of the chamber 70. At the same time, vacuum is 
drawn through an aperture in the side of the vacuum 
plunger 1 52 to pull air out of the secondary chamber 34 
and through the filter 144 into the vacuum plunger 152. 



This vacuum action draws fluid out of the base of the 
first chamber 32, and up vertically in a helical path along 
the helical port defined between the helical rib feature 
142 and the wall of the intermediate chamber 70. Sub- 
5 stantially all of the patient sample/reagent solution in the 
first well 32 is removed in accordance with this embod- 
iment. The solution passes from the upper end of the 
helical feature 142 into a gap 150 connecting the inter- 
mediate chamber 70 with the second chamber 34. This 
10 is illustrated best in Figures 23 and 25. 

The embodiment of Figures 21-23 has the advan- 
tage that the opening of the thimble valve 140 tends to 
cause any oil in the amplification reagent mix in the first 
chamber that may find its way to the base of the inter- 
75 mediate chamber 70 to be blown back toward the first 
chamber, acting in the manner of a common plunger 
and allow the fluid sample and reagent solution to take 
Its place. Where the amplification reagent contains an 
oil such as a silicone oil, it is important that the oil is not 
20 the first substance to migrate into the second chamber 
as this can cause the oil to coat the enzyme pellet in the 
second chamber which can interfere with the amplifica- 
tion reaction in the second chamber 34. Thus, preferably 
the thimble valve 140 is designed such that when the 
25 wall 1 49 of the thimble valve 1 40 is activated by the vac- 
uum probe 152. any oil that may lie at the base of the 
intermediate chamber 70 is initially forced back into the 
first chamber 32. Once the lower rib 148 of the thimble 
valve 140 is moved away from the wall of the interme- 
30 diate chamber 70. the drawing of the vacuum in the sec- 
ond chamber allows the fluid sample/reagent solution to 
be drawn into the second chamber as described above. 

Figure 26 is a perspective view of yet another em- 
bodiment of the disposable reaction vessel 150 in ac- 
55 cordance with the invention. The reaction vessel 150 is 
designed to snap into the test strip 1 9 of Figure 8 in the 
manner suggested in Figure 4 and described above. 
Figure 27 is a cross-section of the embodiment of Figure 
26. Referring to Figures 26 and 27, the disposable re- 
-^0 action vessel 1 50 comprises a unitary housing 1 52 that 
defines a first chamber or amplification well 154 which 
has loaded in it an amplification pellet or dried reagent 
mix 16 for the denaturation step in the TMA process. 
The amplification well 154 is separated from a second 
chamber 156 by a heat and moisture isolation barrier 
1 58. The second chamber contains an enzyme plunger 
or carrier 160 for containing an enzyme pellet 18 for in- 
troduction into the amplification well 154 after the fluid 
sample has been introduced into the amplification well 
50 1 54 and the denaturation process has been completed. 
The enzyme plunger 160 has a recessed surface 162 
for receiving an implement through the opening at the 
top of the chamber 1 56. A foil layer 1 64 is applied to the 
top surface of the reaction vessel 150 as shown. 
55 Figure 28 is a cross-section of a test strip 1 9 incor- 
porating the embodiment of Figure 26. The reaction ves- 
sel 150 can be manufactured as a stand-alone dispos- 
able unit, as suggested in Figures 26 or 27. and snapped 
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into place in a test strip as shown in Figure 28, or the 
test strip of Figure 28 may be manufactured with the am- 
plification well of Figure 31 as an integral part of the test 
strip 1 9 itself. In the preferred embodiment, the unit 1 50 
is manufactured as an integral part of the test strip. The 
test strip 19 has a sliding cover 164 positioned at the 
end of the test strip 19 comprising a gripping surface 
166 and a plastic label 168 carried by first and second 
mounting structures 170. 

Figures 29A-29C show the use of the test strip 19 
with the disposable reaction vessel of Figure 28. In the 
first step, the sliding cover 164 is pulled back and a pi- 
pette 1 72 is inserted through the foil layer 1 64 to deposit 
the fluid sample 1 76 into the amplification well 1 54. The 
pipette 172 is removed and the cover 164 is slid back 
into place over the amplification well 154 into the posi- 
tion shown in Figure 29B. The amplification well 154 is 
heated to 95 degrees C to subject the fluid sample 1 76 
to denaturation with the aid of the amplification reagent 
pellet 16. The second chamber 156 containing the en- 
zyme pellet 1 8 is not subject to the 95 degree C heating. 
After the amplification well has cooled down to 42 de- 
grees C. an implement 180 is inserted into the second 
chamber containing the enzyme carrier 160 and en- 
zyme pellet 18 and placed into contact with the enzyme 
carrier 160. The implement 180 is moved further in to 
force the carrier 160 through the heat and moisture iso- 
lation barrier 158. thereby adding the enzyme pellet 18 
to the amplification well 154. The enzyme carrier 160 
blocks the chamber as shown in Figure 29 C. preventing 
contamination of the amplification well 1 54. A cover (not 
shown) could be slid over the entrance of the second 
chamber or channel if desired. The amplification well 
154 is then maintained at a temperature of 42 degrees 
C for roughly one hour for the amplification process to 
proceed. After the amplification process is complete, a 
reagent SPR having at least one reaction zone is insert- 
ed though a membrane 168 or label as shown in Figure 
29 C. and a portion of the amplified solution is withdrawn 
into the SPR. The rest of the process proceeds in known 
fashion. 

Figure 30 is a schematic representation of yet an- 
other embodiment of a dual chamber disposable reac- 
tion vessel 10. The fluid sample is loaded into the first 
chamber 32 and denaturation and primer annealing 
steps are performed in the first chamber 32. with the aid 
of an amplification mix reagent loaded into the first 
chamber After the first chamber has cooled to 42 de- 
grees C a piston mechanism 184 is applied to the first 
chamber 184 to increase the fluid pressure in the first 
reaction chamber to break a seal 186 in a fluid channel 
188 connecting the first chamber 32 to the second 
chamber 34. The fluid sample is forced from the first 
chamber 32 into the second chamber 34. The second 
chamber is loaded with the enzyme pellet 18. The am- 
plification reaction takes place in the second chamber 
34 at a temperature of 42 degrees C. The piston 184 
may be incorporated as a cap structure to the reaction 



vessel 10 and which is depressed by a SPR. as shown, 
or a separate piston could be used to force the fluid from 
the first chamber 32 into the second chamber 34. 

Figure 31 is a perspective view of a stand-alone am- 
5 plification reaction processing system 200 for the test 
strips 19 (see, e.g., Figures 3 and 5) having the dual 
chamber reaction vessels in accordance with a present- 
ly preferred form of the invention. The system 200 con- 
sists of two identical amplification stations 202 and 204, 
10 a power supply module 206, a control circuitry module 
208, a vacuum tank 210 and connectors 212 for the 
power supply module 206. The tank 210 has hoses 320 
and 324 for providing vacuum to amplification stations 
202 and 204 and ultimately to a plurality of vacuum 
15 probes (one per strip) in the manner described above 
for facilitating transfer of fluid from the first chamber to 
the second chamber. The vacuum subsystem is de- 
scribed below in conjunction with Figure 39. 

The amplification stations 202 and 204 each have 
20 a tray for receiving at least one of the strips 1 9 of Figure 
5 (in the illustrated embodiment up to 6 strips) and as- 
sociated temperature control, vacuum and valve activa- 
tion subsystems for heating the reaction wells of the strip 
to the proper temperatures, effectuating a transferring 
25 of fluid from the first chamber in the dual chamber reac- 
tion wells to the second chamber and activating a valve 
such as a thimble valve in the embodiment of Figure 22 
to open the fluid channel to allow the fluid to flow be- 
tween the two chambers. 
30 The stations 202 and 204 are designed as stand 

alone amplification stations for performing the amplifi- 
cation reaction in an automated manner after the patient 
or clinical sample has been added to the first chamber 
of the dual chamber reaction vessel described above. 
35 The processing of the strips after the reaction is com- 
pleted with a SPR takes place in a separate machine, 
such as the commercially available VIDAS instrument. 
Specifically, after the strips have been placed in the sta- 
tions 202 and 204 and the reaction run in the stations, 
40 the strips are removed from the stations 202 and 204 
and placed into a VIDAS instrument for subsequent 
processing and analysis in known fashion. 

The entire system 200 is under microprocessor 
control by an amplification system interface board (not 
45 shown in Figure 31). The control system is shown in 
block diagram form in Figure 38 and will be described 
later. 

Referring now to Figure 32. one of the amplification 
stations 202 is shown in a perspective view. The other 

50 amplification station is of identical design and construc- 
tion. Figure 33 is a perspective view of the front of the 
station 202 of Figure 31 . 

Referring to these figures, the station includes a 
vacuum probe slide motor 222 and vacuum probes slide 

55 cam wheel 246 that operate to slide a set of vacuum 
probes 244 (shown in Figure 33) for the thimble valves 
of Figure 21 up and down relative to a vacuum probes 
slide 246 to open the thimble valves (reference 140 In 
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the embodiment of Figures 21-23) and apply vacuum so 
as to draw the fluid from the first chamber of the reaction 
vessel 10 (e.g.. Figure 21) to the second chamber. The 
vacuum probes 244 reciprocate within annular recesses 
provided in the vacuum probes slide 246. The vacuum s 
probes 244 are positioned in registry with the interme- 
diate chamber 70 in the embodiment of Figure 22. or in 
registry with the vacuum port 80 in the embodiment of 
Figure 11. 

For an embodiment in which the strips are con- io 
structed in the manner of Figures 5-12, the vacuum 
probe 244 would incorporate a suitable pin structure (not 
shown) immediately adjacent the shaft of the vacuum 
probe 244 that would operate the plunger 56 of Figure 
1 2 to open the intermediate chamber 70 when the vac- is 
uum probe 244 is lowered onto the vacuum port. Obvi- 
ously, proper registry of the pin structure and vacuum 
probe 244 with corresponding structure in the test strip 
as installed on the tray needs to be observed. 

The station includes side walls 228 and 230 that 20 
provide a frame for the station 202. Tray controller board 
229 is mounted between the side walls 228 and 230. 
The electronics module for the station 202 is installed 
on the tray controller board 229. 

A set of tray thermal insulation covers 220 are part 25 
of a thermal subsystem and are provided to envelop a 
tray 240 (Figure 33) that receives one or more of the test 
strips. The insulation covers 220 help maintain the tem- 
perature of the tray 240 at the proper temperatures. The 
thermal subsystem also includes a 42 degree C Peltier 30 
heat sink 242. a portion of which is positioned adjacent 
to the second chamber in the dual chamber reaction 
vessel in the test strip to maintain that chamber at the 
proper temperature for the enzymatic amplification re- 
action A 95 degree C heat sink 250 is provided for the 35 
front of the tray 240 for maintaining the first chamber of 
the reaction well in the test strip at the denaturation tem- 
perature. 

Figure 34 is another perspective view of the module 
of Figure 33. showing the 95 degree C heat sink 250 40 
and a set of fins 252 dissipating heat. Note that the 95 
degree C heat sink 250 is positioned to the front of and 
slightly below the tray 240. The 42 degree C heat sink 
242 is positioned behind the heat sink 250. 

Figure 35 is a detailed perspective view of a portion -^s 
of the tray 240 that holds the test strips (not shown) as 
seen from above. The tray 240 includes a front portion 
having a base 254. and a plurality of discontinuous 
raised parallel ridge structures 256 with recessed slots 
258 for receiving the test strips. The base of the front so 
254 of the tray 240 is in contact with the 95 degree C 
heat sink 250. The side walls of the parallel raised ridges 
256 at positions 256A and 256B are placed as close as 
possible to the first and second chambers of the reaction 
vessel 1 0 of Figure 1 so as to reduce thermal resistance, ss 
The base of the rear of the tray 240 is in contact with a 
42 degree C Peltier heat sink, as best seen in Figure 34. 
The portion 256B of the raised ridge for the rear of the 



tray is physically isolated from portion 256A for the front 
of the tray, and portion 256B is in contact with the 42 
degree C heat sink so as to keep the second chamber 
of the reaction vessel in the test strip at the proper tem- 
perature. 

Still referring to Figure 35, each of the vacuum 
probes 244 include a rubber gasket 260. When the vac- 
uum probes 244 are lowered by the vacuum probe mo- 
tor 222 (Figure 32) the gaskets 260 are positioned on 
the film covering the upper surface of the test strip sur- 
rounding the vacuum port in the dual chamber reaction 
vessel so as to make a tight seal and permit vacuum to 
be drawn on the second chamber. 

Figure 36 is an isolated perspective view of the test 
strip holder or tray 240 of Figure 35, showing two test 
strips 1 9 in accordance with Figure 5 installed in the tray 
240. The tray 240 has a plurality of lanes or slots 241 
receiving up to 6 test strips 1 9 for simultaneous process- 
ing. Figure 36 shows the heat sinks 242 and 250 for 
maintaining the respective portions of the tray 240 and 
ridges 256 at the proper temperature. 

Figure 37 is a detailed perspective view of the test 
strip holder or tray 240 as seen from below. The 95 de- 
gree C Peltier heat sink which would be below front por- 
tion 254 has been removed in order to better illustrate 
the rear heat sink 242 beneath the rear portion of the 
tray 240. 

Figure 38 is a block diagram of the electronics and 
control system of the amplification processing system 
of Figure 31. The control system is divided into two 
boards 310 and 31 1 section A 31 0 at the top of the di- 
agram devoted to amplification module or station 202 
and the other board 31 1 (section 8) devoted to the other 
module 204. The two boards 310 and 311 are identical 
and only the top section 310 will be discussed. The two 
boards 310 and 311 are connected to an amplification 
station interface board 300. 

The interface board 300 communicates with a stand 
alone personal computer 304 via a high speed data bus 
302. The personal computer 304 is a conventional IBM 
compatible computer with hard disk drive, video monitor 
etc. In a preferred embodiment, the stations 202 and 
204 are under control by the interface board 300. 

The board 31 0 for station 202 controls the front tray 
240 which is maintained at a temperature of 95 degrees 
C by two Peltier heat sink modules, a pair of fans and a 
temperature sensor incorporated into the front portion 
254 of the tray 240, all of which are conventional. The 
back of the tray is maintained at a temperature of 42 
degrees C by two Peltier modules and a temperature 
sensor. The movement of the vacuum probes 244 is 
controlled by the probes motor 222. Position sensors 
are provided to provide input signals to the tray control- 
ler board as to the position of the vacuum probes 244. 
The tray controller board 310 includes a set of drivers 
312 for the active and passive components of the sys- 
tem which receive data from the temperature and posi- 
tion sensors and issue commands to the active compo- 
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nents. i.e., motors, fans, Peltier modules, etc. The driv- 
ers are responsive to commands from the amplification 
interface board 300. The interface board also issues 
commands to the vacuum pump for the vacuum subsys- 
tem, as shown. 

Figure 39 is a diagram of the vacuum subsystem 
320 for the amplification processing stations 202 and 
204 of Figure 31 . The subsystem includes a I liter rein- 
forced plastic vacuum tank 210 which is connected via 
an inlet line 322 to a vacuum pump 323 for generating 
a vacuum in the tank 210. A vacuum supply line 324 is 
provided for providing vacuum to a pair of pinch solenoid 
valves 224 (see Figure 32) via supply lines 324A and 
324B. These vacuum supply tines 324A and 324B sup- 
ply vacuum to a manifold 226 distributing the vacuum to 
the vacuum probes 244. Note the pointed tips 245 of the 
vacuum probes 244 for piercing the film or membrane 
64 (Figure 1 1 ) covering the strip 1 9. The vacuum system 
320 also includes a differential pressure transducer 321 
for monitoring the presence of vacuum in the tank 210. 
The transducer 321 supplies pressure signals to the in- 
terface board 300 of Figure 38. 

Figure 40 is a representative graph of the thermal 
cycle profile of the station of Figure 31. As indicated in- 
line 400, after an initial ramp up 402 in the temperature 
lasting less than a minute, a first temperature T1 is 
reached (e.g.. a denaturation temperature) which is 
maintained for a predetermined time period, such as 
5-10 minutes, at which time a reaction occurs in the first 
chamber of the reaction vessel. Thereafter a ramp 
down of temperature as indicated at 404 occurs and the 
temperature of the reaction solution in the first chamber 
of the reaction vessel 10 cools to temperature T2. After 
a designated amount of time after cooling to tempera- 
ture T2. e.g., 42 degrees C. a fluid transfer occurs in 
which the solution in the first chamber is conveyed to 
the second chamber. Temperature T2 is maintained for 
an appropriate amount of time for the reaction of inter- 
est, such as one hour. At time 406. the temperature is 
raised rapidly to a temperature T3 of > 65 degrees C to 
stop the amplification reaction. For a TMA reaction., it is 
important that the ramp up time from time 406 to time 
408 is brief, that is. less than 2 minutes and preferably 
less than one minute. Preferably, all the ramp up and 
ramp down of temperatures occur In less than a minute. 

Referring now to Figure 41 . an alternative and pre- 
ferred construction for the dual chamber reaction vessel 
that is suitable for use with the reaction processing sta- 
tion of FlGs. 30-39 and the test strip described previ- 
ously is illustrated. This embodiment provides a valve 
means for controlling a connecting conduit linking the 
first and second chambers together. The valve means 
was particularly simple to put into effect, both with re- 
spect to the construction or design of the reaction vessel 
and with respect to the external means required for con- 
trolling or activating these components. 

The valve means includes three components and 
associated features. First, a connecting conduit is pro- 



vided which is flexible, that is to say having an internal 
cross-section of flow which can be reduced simply by 
the application of external pressure, or having a wall 
which can yield (i.e.. deflect inwardly), again by the ap- 

5 plication of this external pressure. Second, a sealing 
piece or bail element is disposed within the conduit. This 
seal piece provides a hermetic seal within the connect- 
ing conduit. The seal piece is held in the conduit by the 
wall of the conduit being pressed against the external 

10 surface of the seal piece. Thirdly, the conduit and seal 
piece are adapted to work together with an external de- 
vice for constricting the conduit element externally, and 
set up or positioned in relation to this external device to 
create a primary or Interstitial passage within this con- 

15 duit piece at the point where the seal piece is located. 

Referring now to Figures 41 to 43. a dual chamber 
reaction vessel 10 in accordance with this embodiment 
includes a molded body 51 2 of plastic material. The two 
flat faces at the front and rear of the body are coated 

20 with two films of material (513 and 514 respectively) 
which seal off the first and second reaction chambers 
and passages created in the body 51 2 by the molding 
process. 

Figures 41 and 42 clearly show how the two reac- 
25 tion chambers 502 and 503 are formed, mainly in the 
body section 512, with one chamber 502 being cylindri- 
cal and tapered in shape and the other 503 having a 
quadrangular cross-section. These two chambers are 
joined together by a connecting flexible conduit 504 sim- 
30 War to a siphon. One end of the conduit 504 is in com- 
munication via a front orifice 51 0 to the lower part of the 
chamber 502. The other end of the conduit 504 has a 
rear orifice 511 set at the top of the other chamber 503, 
and passing via a vertical conduit portion 505 which is 
35 described in further detail below. 

A means to control, in particular to open, the con- 
nection conduit 504 described above is provided in the 
conduit portion 505. In particular, an external device 508 
is provided for constricting the conduit portion 505. The 
40 external device 508 is inserted into the reaction vessel 
10 from the side to which the equipment or control sys- 
tem is connected to the conduit portion 505. for example 
from above the test strip when the reaction vessel is po- 
sitioned in a test strip and installed in the processing 
45 station of FlGs. 31-39. 

As shown in FlGs. 41 -44, in a first embodiment, the 
conduit portion 505 is flexible, meaning that its internal 
cross-section can be reduced by applying an external 
pressure, such as pressure applied peripherally or cen- 
50 tripetally. As with the body 512, this conduit piece 505 
is made from plastic material, such as low density pol- 
yethylene for example. 

A substantially rigid seal piece 506. consisting of a 
ball of glass or metal, is held in the interior 505a of the 
55 conduit portion 505. The seal piece 506 is held in place 
solely by the force of wall 507 of the conduit portion be- 
ing pressed against the external surface of the seal 
piece 506. The seal piece 506 and the internal cross- 
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section of the inside of the conduit portion 505a are both 
arranged so that the position for the seal piece 506 en- 
sures that the seal piece provides a tight seal on the 
inside of the conduit portion 505a. 

The conduit portion 505 consists of two parts. The 
first part 505b has a relatively narrow internal cross-sec- 
tion in which the seal piece 506 is held by the pressing 
action. The second part 505c has a relatively wide in- 
ternal cross-section in which the seal piece 506 cannot 
be held by the pressing action and therefore falls to the 
bottom of the connecting conduit 504. 

As stated previously, an external device 508 is pro- 
vided on the automatic analysis apparatus side (i.e.. 
above the dual chamber reaction vessel) to constrict the 
conduit portion 505. This external device is represented 
schematically in Figures 43 and 44 by two arms (581 
and 582) fitted with pinch bars (581a and 582a respec- 
tively). Openings 521 and 522 are provided in the body 
51 2 on either side of the conduit portion 505 to allow the 
two arms 581 and 582 to move freely (upwards and 
downwards, for example) and into a position for coop- 
erating with the ball or seal piece 506. For example, and 
with reference to FIG. 33. each of the vacuum probe 
tools 244 may incorporate arm elements 581 and 582 
which cooperate with the seal piece 506 to open the con- 
duit 505 when they (tools 244) are lowered down onto 
the test strip. 

As shown in Figure 44. the external constriction de- 
vice 508 is positioned to move along the conduit portion 

505 and push the seal piece 506 from the first part of 
the conduit portion 505b to the second part 505c without 
coming into contact with it. This allows the seal piece 

506 to fall to the bottom of the conduit portion and free 
or open the passage in the conduit piece. 

Two external stops 505d (Figure 41) are provided 
on the outside of the conduit portion to stop movement, 
for example downward movement, of the arms 81 and 
82. 

Referring now to Figure 45, in a second variation of 
the embodiment of Figure 41 the wall 507 of the conduit 
device 507 can yield, again by the application of external 
pressure, for example pressure applied peripherally or 
centripetally. when the relatively hard seal piece 506 
comes into contact with it. In this case, the constricting 
device 508 is set up so that when it is in its lowered po- 
sition, it makes an impression of the seal piece 506 in 
the wall 507 to create a lasting internal imprint 509. 
When the external constricting device 508 releases this 
pressure, an interstitial passage is created after the con- 
striction device 508 has acted between the seal piece 
and the wall 507. This interstitial passage enables or re- 
leases flow through the connecting conduit 504. The 
dotted line to the left of Figure 45 shows the ball 506 in 
the position it is held in conduit 505, with the solid line 
at the right of the illustration showing the imprint made 
by the action of the constricting device 508. 

Another representative example of how the dual 
chamber reactions vessels of this disclosure may be 
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loaded with fluid sample and of how the fluid samples 
may be transferred from one chamber to another will be 
described in conjunction with Figure 46 and 47A-47E. 

As shown on Figure 46, a dual chamber reaction 
vessel 600 comprising a body 612 made for example 
from molded plastic material: The vessel 600 includes 
a first chamber 602. made from plastic material, In com- 
munication with the outside via a conduit 604, with the 
closure and/or opening of this conduit controlled by a 
system, such as a valve, which is represented schemat- 
ically by reference number 606. One the other side of 
the control system 606, this first conduit is in communi- 
cation with an angled sampling conduit 608, which is de- 
scnbed in further detail below. The vessel also includes 
a second chamber 603 in communication with the first 
chamber 602 only, via a second connecting conduit 605, 
which also has closing and/or opening operations con- 
trolled by a system, such as a valve, which is represent- 
ed by the general reference number 607. The valve 607 
and conduit 605 may, for example, take the form of the 
conduit and ball valve described previously the elasto- 
meic thimble valve and conduit described earlier, or the 
spike structure that is operated to pierce a membrane 
and descnbed above. 

The component of the type illustrated in Figure 46 
is generally operated within a gaseous external environ- 
ment, at a reference pressure, hereinafter termed high 
pressure, for example atmospheric pressure. 

Further, the first and second chambers are loaded 
with reagent and enzymes in the manner described pre- 
viously at the time of manufacture. 

As an example, a first chemical or biochemical re- 
action takes place in the first chamber 602, causing this 
chamber to contain a first reagent, and the reagent prod- 
uct obtained in chamber 602 is subjected to a further 
reaction in chamber 603, causing chamber 603 to con- 
tain a reagent or product which is different from the re- 
agent originally contained in chamber 602 

A process is illustrated in Figures 47A-47F whereby 
a liquid sample 611 contained in an external container, 
a test tube 610 for example, is transferred into the first 
chamber 602 and then into the second chamber 603. 
The second chamber 602 is originally under high pres- 
sure, with the second conduit 605 being closed, and 
chambers 602 and 603 are isolated from each other. 
With the first conduit 604 being open, the first chamber 
602 is in communication with the external environment 
and is therefore under high pressure HP (see Fig. 47A). 

The first chamber 602 is brought down to a reduced 
pressure by the first conduit 604. i.e., a pressure being 
lower than the pressure termed low pressure which is 
described in further detail below: this is achieved by 
means of an arrangement such as connecting the first 
conduit 604 to an evacuation device or pump 609 (see 
Fig.47B). The first conduit 604 is then closed. 

The free end of the angled tube 608 is immersed in 
the liquid 611 to be transferred contained in container 
610. The first conduit 604 is in communication with the 
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liquid at an immersed level via this angled tube 608. with 
the liquid being located in the gaseous external environ- 
ment and hence subjected to high pressure. The first 
conduit is then opened, causing the liquid to be trans- 
ferred into the first chamber 602 via the first conduit 604 
(see Figure 47C. Finally, the pressure in the first cham- 
ber 602 becomes established at a value termed reduced 
pressure (RP) which is greater than the pressure termed 
low pressure mentioned above, although remaining low- 
er than the pressure termed as high pressure. 

The first conduit 604 is closed to produce the situ- 
ation shown in Figure 47D. The second conduit 605 is 
closed and the two chambers 602 and 603 are isolated 
from each other, with the second chamber 603 being at 
high pressure with the first conduit 604 closed, and the 
second chamber 602 being isolated from the outside 
and partially filled with the liquid previously transferred, 
whilst being at reduced pressure. 

The second conduit 605 is opened (i.e., by opening 
the valve 607), causing the pressure in the two cham- 
bers 602 and 603 to become balanced at a pressure 
termed intermediate pressure (IP) which is between the 
high and reduced pressure values (see Figure 47E). 

The first conduit 604 is then opened, causing the 
first chamber 602 to be in communication with the ex- 
ternal high pressure environment, and the liquid is trans- 
ferred from the first chamber 602 to the second chamber 
603 via the second conduit 605 (see Figure 47F). The 
pressure in the two chambers finally reaches the high 
pressure value. The first conduit 604 can be sealed per- 
manently when the entire process has been completed. 
The reaction can them proceed in chamber 603. Of 
course, chambers 602 and 603 may be maintained at 
separate temperatures in accordance with the principles 
of the invention set forth above. 

While presently preferred embodiments of the in- 
vention have been described herein persons of skill in 
the art will appreciate that various modifications and 
changes may be made without departure from the true 
scope and spirit of the invention. For example, the novel 
reaction vessels and test strips can be used in other re- 
actions besides isothermal amplification reactions such 
as TMA. The invention is believed to be suitable for 
many isothermal reactions, other enzymatic reactions, 
and reactions requiring differential heating and contain- 
ment. For example, the reference to "denaturation and 
cooling", while specifically applicable to the TMA reac- 
tion, can be considered only one possible species of a 
heat differential step. Further the spatial and tempera- 
ture isolation of the amplification enzyme in the second 
chamber is considered one example of spatial isolation 
of a heat labile reagent. The invention is fully capable 
of being used in other types of reactions besides TMA 
reactions. This true scope and spirit is defined by the 
claims, to be interpreted in light of the foregoing. 



Claims 

1. A dual chamber reaction vessel for a nucleic acid 
amplification reaction, characterised in that it com- 
5 prises: 

a first chamber for receiving a fluid sample, the 
said first chamber being loaded with one or 
more amplification reagents: 
w a second chamber physically isolated from the 

said first chamber: 

one or more enzymes for the said reaction ei- 
ther in the said second chamber or in fluid com- 
munication with the said second chamber: 
15 and 

a fluid channel connecting the said first cham- 
ber to the said second chamber. 



20 



2. A vessel as claimed in claim 1 wherein it further 
comprises a means for selectively opening the said 
fluid channel to allow a fluid to pass from the said 
first chamber into the said second chamber. 



3. A vessel as claimed in claim 1 or claim 2 wherein 
25 the said means for selectively opening the said fluid 

channel comprises a breakable seal preferably the 
said means for selectively opening the said fluid 
channel comprising a means for creating fluid pres- 
sure in the said sample fluid so as to break the said 

30 seal and enable fluid to flow from the said first cham- 
ber through the said fluid channel into the said sec- 
ond chamber or the said means for selectively 
opening the said fluid channel comprising a plunger 
reciprocable within the said vessel from a first po- 

35 sition to a second position, the said plunger in the 
said second position being operable to cut the said 
seal and thereby open the said fluid channel: or the 
said means for selectively opening the said fluid 
channel comprising a valve, preferably a thimble 

40 valve. 

4. A vessel as claimed in any of claims 1 to 3 wherein 
it further comprises a vacuum port in fluid commu- 
nication with the said second chamber such that 

45 the application of vacuum to the said vacuum port 
draws the said fluid sample from the said first cham- 
ber into the said second chamber 

5. A dual chamber reaction vessel characterised in 
50 that it comprises: 

a first chamber and a second chamber joined 
together via a connecting conduit: 
and 

55 a valve means for opening the said conduit 

comprising: 

(a) a flexible conduit portion linking the said 
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A vessel as claimed in any of claims 5 to 7 wherein 
the said conduit piece further comprises a relatively 
yielding wall and the external constriction device is 
operative to make an impression of the shape of the 
outside of the seal piece in the said wall to create 
an Imprint on the inside of the said wall to allow an 
interstitial flow between the said seal piece and the 
said wall after action of the constriction device. 

A vessel as claimed in any of claims 5 to 8 wherein 
the said first and second reaction vessel and the 
said conduit portion are made from a single mould- 
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first and second chambers having a wall 
portion; 

(b) a substantially rigid seal piece disposed 
within the said flexible conduit: the said 
seal piece providing a tight seal within the 
said conduit portion and being held in the 
conduit by the said wall of the conduit por- 
tion pressed against the said seal piece; 

and 

(c) an external device for constricting the 
said conduit portion; the said conduit piece 
cooperating with the said external device 
for constricting the said conduit portion, the 
said conduit portion being positioned in re- 
lation to the said external device such that 
relative motion between the said conduit 
portion and the said external device caus- 
es the said constricting device to act on the 
said seal piece to open the said conduit 
portion and create a passage within the 
said conduit portion at the point where the 
said seal piece is located. 



6. A vessel as claimed in claim 5 wherein the said seal 
piece comprises a ball. . 2s 



A vessel as claimed in claim 5 or claim 6 wherein 
the said conduit portion, which is preferably made 
from a flexible plastic material, further comprises an 
internal section which may be reduced by the appli- 
cation of an external pressure and consists of a first 
portion having a relatively narrow internal cross- 
section in which the seal piece is held by the wall of 
the said conduit portion, and a second portion with 
a relatively wide cross-section in which the said seal 
piece cannot be held by the said wall, the said first 
and second portions being oriented such that the 
said external constriction device may be moved 
along the said conduit portion to push the said seal 
piece from the said first portion to the said second 
portion, and, optionally further comprising at least 
one external stop incorporated on the outside of the 
conduit portion to halt the movement of the constric- 
tion device into the said dual chamber reaction ves- 
sel. 



ing of plastic material. 

10. A vessel as claimed in any of claims 5 to 9 wherein 
the said external constriction device comprises a 
pair of arms, the said arms cooperating with the said 
seal piece to move the said seal piece from a first 
location in the said conduit portion to a second lo- 
cation in the said conduit portion when the said pair 
of arms are moved relative to the said dual chamber 
reaction vessel. 
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11. A two-piece disposable reaction vessel character- 
ised in that it comprises; 

a first piece comprising a first chamber contain- 
ing an amplification reagent; 
and 

a second piece comprising a second chamber 
containing an amplification enzyme; 
the said first and second pieces being con- 
structed so as to permit the said first and sec- 
ond pieces to be securely joined into a dual 
chamber reaction vessel such that a fluid sam- 
ple in the said first chamber may pass into the 
said second chamber 

12. A reaction vessel for a nucleic acid amplification re- 
action characterised in that It comprises; 

an amplification well; 

a channel separated from the said amplification 
well by a heat and moisture barrier; 
a carrier in the said channel carrying an ampli- 
fication enzyme; 

the said carrier being moveable within the said 

channel such that the said carrier may be 
moved through the said heat and moisture bar- 
rier to deliver the said enzyme to the said am- 
plification well. 

13. A nucleic acid amplification station for a test strip 
comprising a dual chamber reaction vessel com- 
prising a first chamber and a second chamber char- 
acterised in that the station comprises; 

a tray for at least one test strip, the said tray 
comprising a first portion and a second portion 
positioned adjacent to the said first and second 
chambers of the said dual chamber reaction 

vessel, respectively; 

a temperature control subsystem for the said 
tray maintaining the said first and second por- 
tions of the said tray at first and second different 
amplification reaction temperatures so as to 
maintain the said first and second chambers at 
the said first and second amplification reaction 
temperatures, respectively; 
a fluid conduit opening mechanism for opening 
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a fluid conduit in the said dual channber reaction 
vessel to establish fluid communication be- 
tween the said first chamber and the said sec- 
ond chamber: 

and, optionally. ^ 
a vacuum subsystem comprising a vacuum 
probe, the said test strip and vacuum probe be- 
ing mutually reciprocable and the said vacuum 
probe cooperating with reaction wells in the 
said test strip for transferring a fluid sample 10 
from the said first chamber to the said second 
chamber via the said fluid conduit. 

14. A station as claimed in claim 13 wherein the said 
fluid conduit opening mechanism comprises a pin i5 
for the said test strip reciprocable with the said vac- 
uum probe relative to the said test strip. 

1 5. A station as claimed in claim 1 3 or claim 1 4 wherein 

the said vacuum probe comprises a tip portion and 20 
the said fluid conduit opening mechanism compris- 
es the said tip portion of the said vacuum probe. 

16. A station as claimed in any of claims 13 to 1 5 where- 
in the said temperature control subsystem further 2S 
comprises a first heat sink for heating the said first 
portion of the said test strip to the said first temper- 
ature and a second heat sink, isolated from the said 
first heat sink, for maintaining the said second por- 
tion of the said test strip at the said second temper- 30 
ature. 

1 7. A station as claimed in any of claims 1 3 to 1 6 where- 
in the said tray comprises a base and a plurality of 
raised ridges defining slots for receiving a plurality 35 
of test strips, preferably the said raised ridges being 
discontinuous, with a first portion of the said raised 
ridges in contact with a first heat sink and a second 
portion of the said raised ridges in contact with a 
second heat sink. -^^ 

18. An amplification processing station characterised in 
that it comprises a dual chamber reaction vessel as 
claimed in claim 10. the said arms reciprocating 
from a first position to a second position and the said -^^ 
arms, in the said second position, opening the said 
conduit portion. 

19. A test strip characterised in that it comprises a re- 
action vessel as claimed in any of claims 1 to 12 50 
and. optionally, an optical cuvette for conducting an 
optical analysis of a sample. 

20. A test strip for a nucleic acid amplification reaction 
characterised in that it comprises a body portion de- 5S 
fining a plurality of wells arranged in a row and hav- 
ing a first end and a second end. the said second 
end having a cuvette for conducting an optical anal- 
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ysis of a sample, and an aperture provided in the 
said body portion adjacent to said first end of said 
test strip for receiving a disposable amplification re- 
action vessel, preferably a vessel as claimed in any 
of claims 1 to 12. 

21 . A method for conducting a nucleic acid amplification 
reaction characterised in that it comprises: 

providing a dual chamber reaction vessel com- 
prising first and second chambers capable of 
being placed in fluid communication, the said 
dual chamber reaction vessel being loaded with 
one or more amplification reagents in the said 
first chamber and one or more amplification en- 
zymes in the said second chamber: 
sealing the said first and second chambers with 
the said amplification reagent(s) and amplifica- 
tion enzyme(s) from the environment with a 
membrane: 

and. at the time of use of the said dual chamber 
reaction vessel, 

piercing the said membrane with an implement 
and loading a sample into the said first cham- 
ber: 

heating the said first chamber and the said 
sample to a first relatively high temperature, 
while maintaining the said second chamber at 
a second relatively low temperature: 
cooling the said first chamber and a solution of 
the said sample and the said amplification rea- 
gent(s) from the said first relatively high tem- 
perature: 

either passing the said solution from the said 
first chamber to the said second chamber or 
introducing the contents of the said second 
chamber into the said first chamber: 
and 

amplifying the said solution either in the said 
second chamber or in the said first chamber by 
means of the said amplification enzyme: 

and. optionally, 
applying vacuum to the said second chamber 
so as to draw the said solution through the said 
fluid channel from the said first chamber to the 
said second chamber, if the said amplification 
reaction is to occur in the said second chamber. 

22. A method for conducting a nucleic acid amplification 
reaction characterised in that it comprises: 

providing a reaction vessel comprising a first 
amplification chamber and a second chamber 
separated from the said amplification chamber 
by a heat and moisture barrier: 
loading one or more amplification reagents into 
the said amplification chamber and one or more 
amplification enzymes into the said second 
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chamber: 

loading a sample into the said amplification 

chamber: 

heating the said first chamber and the said 
sample to a first relatively high temperature s 
greater than or equal to 65 degrees C, while 
maintaining the said enzyme in the said second 
chamber at a second relatively low tempera- 
ture: 

cooling the said first chamber and a solution of w 
the said sample and the said amplification rea- 
gent(s): 

introducing the said amplification enzyme(s) in- 
to the said amplification chamber by forcing the 

said enzyme(s) through the said heat and mois- is 
ture barrier into the said amplification chamber: 
and 

amplifying the said solution in the said amplifi- 
cation chamber. 

20 

23. A process for transferring a liquid within a reaction 
vessel comprising a first chamber which communi- 
cates with the outside by means of a first conduit, 
and a second chamber, which communicates with 
the first chamber by means of a second connecting 25 
conduit, in the presence of an external gaseous en- 
vironment at a pressure termed high pressure char- 
acterised in that it comprises: 



(a) isolating the said first and second chambers 30 
from each other by closing the said second con- 
necting conduit, the said first and second cham- 
bers being at the said high pressure: 

(b) reducing the pressure in the said first cham- 
ber to a low pressure lower than the said high 35 
pressure, the said second chamber being 
maintained at the said high pressure: 

(c) introducing a fluid sample into the said first 
chamber via the said first conduit, the said first 
conduit being placed in fluid communication -^o 
with the said fluid sample, and thereafter clos- 
ing the said first conduit: 

(d) opening the said conduit to cause the pres- 
sure in the two chambers to become balanced 

at an intermediate pressure having a value be- -^s 
tween the said high and low pressures: 

(e) opening the said first conduit to cause the 
said first chamber to be in communication with 
the outside at high pressure: 

and 50 

(f) transferring the said liquid from the first 
chamber to the second chamber via the second 
conduit with the pressure in the two chambers 
finally reaching the said high pressure. 
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@ Processing apparatus for a chemical reaction pack. 



@ Disposable reaction packs for use in automatic 
analysis equipment are known. These packs com- 
prise a body which is divided into successive cham- 
bers, each of which contains a fluid. Mixing of the 
fluids in such packs is achieved by nnanually apply- 
ing pressure to each chamber of the reaction pack to 
open the seal between each chamber. This process 
is time-consuming, inaccurate and could result in 
damage to the reaction pack. Described herein is 
apparatus (10) for transferring liquid from one cham- 
ber to another in successive chambers of a chemical 
reaction pack (12). The apparatus (10) comprises a 
CM support surface (16) on which the packs (12) are 
^placed, and a plurality of pressure applicators (20) 
^ which are driven to apply pressure to the packs (12). 
0> Temperature control elements (70) are also provided 
^to heat and cool the liquid contained within each 
^chemical reaction pack (12). 
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PROCESSING APPARATUS FOR A CHEMICAL REACTION PACK 



The present invention relates to processing ap- 
paratus for chemical reaction packs, and Is more 
particularly concerned with the progressive transfer 
of a test fluid between adjacent chambers of the 
chemical reaction pack. 

Disposable reaction packs for use in automatic 
analysis equipment are known in the art. Such 
reaction packs typically comprise a body fabricated 
from flexible pliable material. The body of the reac- 
tion pack is divided into successive individual com- 
partments or chambers having blister-like configu- 
rations which are normally separated from each 
other with seals which are rupturable or openable 
in response to a sufficient pressure being applied 
to such seals. One or more of the compartments or 
chambers contain predetermined amounts of 
reagents with which a test liquid reacts. 

By applying an external linearly advancing 
pressure to the blister-like chambers, the normally 
closed seals are opened to permit transfer of the 
contents of a preceding chamber to a succeeding 
chamber. Such a technique is disclosed in US-A- 
3036894. The transfer of the test liquid between 
chambers and the intermixing thereof with the 
reagents Is preferably accomplished without open- 
ing the reaction pack. 

Manually applying an external pressure to each 
blister-like chamber of the reaction pack to estab- 
lish sufficient internal pressure to open the nor- 
mally closed seal is tedious, time-consuming, in- 
exact, and could result in damage to the reaction 
pack. Inconsistency or variations in pressure and 
time can adversely effect chemical reactions within 
the pack and lead to Inaccurate results. It would be 
beneficial, therefore, to automate the process of 
facilitating transfer of test liquids through a reaction 
pack. 

The test liquids in the reaction pack may be 
subjected to temperature changes during the test 
procedure. It has been found, for example, that 
thermal cycling by heating and cooling a metal 
block on which a reaction pack is situated is rela- 
tively slow and inefficient. 

Accordingly, a problem exists in providing a 
device which automatically transfers a test liquid 
through a reaction pack with consistency while 
facilitating heating and cooling thereof to treat the 
liquids contained therewithin. 

It is therefore an object of the present invention 
to provide a device which overcomes the problems 
mentioned above. 

In accordance with one aspect of the present 
invention, there is provided processing apparatus 
for transferring a fluid between chambers in a 
chemical reaction pack, the pack having blister-like 



chambers formed therein, the apparatus compris- 
ing:- 

a support surface for supporting at least one 
chemical reaction pack in a substantially horizontal 
5 . plane; 

at least one pressure applicator supported above 
the support surface for acting on an associated 
reaction pack to transfer fluid betv^een adjacent 
chambers; and 
70 operating means for moving each pressure applica- 
tor through a range of movement extending across 
the associated reaction pack; 

characterized in that the operating means com- 
prises a shaft having at least one pressure applica- 
76 tor arranged thereon, the shaft advancing each 
pressure applicator across the support surface 
while maintaining a substantially constant orienta- 
tion between each pressure applicator and the sup- 
port surface. 

20 In accordance with another aspect of the 

present invention, there is provided processing ap- 
paratus for transferring a fluid between blister-like 
chambers in a chemical reaction pack comprising: 
a support surface for supporting a plurality of the 

25 reaction packs in side-by-side and end-to-end rela- 
tion relative to each other; 

at least one roller supported above the support 
surface and in alignment with the blister-like con- 
figurations on the reaction packs; and 
30 drive mechanism means for moving the rollers 
across the support surface to operate against the 
reaction packs and facilitate transfer of fluid there- 
through; 

characterized in that the drive mechanism means 
35 comprises at least two spaced apart generally par- 
allel shafts each having a series of the rollers 
arranged endwise thereon; 

and in that the drive mechanism means advances 
the shafts with the rollers arranged thereon across 
40 the support surface while maintaining a substan- 
tially constant orientation relative to the support 
surface. 

In a preferred embodiment, the pressure ap- 
plicators include a series of rollers v^hich are ar- 

45 ranged endwise on a shaft forming part of the drive 
mechanism. The drive mechanism advances the 
shaft with the rollers across the support surface 
while maintaining a substantially constant orienta- 
tion between the shaft and the support surface. 

50 Still further, the preferred embodiments feature 

a drive mechanism comprising a bracket supported 
at one end of the shaft and an axially elongated 
worm gear which extends in a direction generally 
orthogonal to the shaft and threadably engaging 
the bracket. The drive mechanism further includes 
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a device for rotatably driving the worm gear to 
move the shaft. A rack and pinion arrangement is 
provided at opposite ends of the shaft. As the shaft 
moves, it is maintained generally perpendicular to 
the axis of the reaction packs irrespective of where 
the driving force is applied by the worm gear and 
which of the rollers runs into resistance from the 
blister-like chambers on the reaction pack. 

To promote temperature changes of the liquids 
within the disposable reaction pack, temperature- 
controlling elements are mounted for movement In 
front of and with the rollers. Each temperature- 
controlling element includes upper and lower units. 
In a start position, the upper unit of the 
temperature-controlling element is positioned 
above a similar unit disposed beneath the support 
surface so that the two units can work together to 
provide the necessary heating and cooling cycle 
for the liquids in the reaction pack. When the 
rollers are moved, the upper unit is moved with the 
rollers and is positioned over the next blister-like 
chamber in the reaction pack. After the start posi- 
tion, all subsequent chambers in the reaction pack 
are treated by the temperature-control element 
from the top only. As will be understood, heating 
may either be at a constant temperature or a 
heating/cooling cycle. 

The apparatus of the present invention allows 
each of the reaction packs arranged on the support 
surface to be treated with constant pressures on a 
generally flat surface for uniform time periods. 
Moreover, the present invention automates and 
simplifies handling of chemical reaction packs. 
When a temperature-control element is arranged in 
combination therewith, temperature of the test liq- 
uid in the reaction packs can be controlled during 
transfer of the test liquid between chambers. 

The present invention will now be described by 
way of example oniy with reference to the accom- 
panying drawings in which: 

Figure 1 is a perspective view of apparatus 
embodying principles of the present invention and 
which is capable of operating upon a plurality of 
chemical reaction packs; 

Figure 2 is a sectioned side view taken along 
line 2-2 of Figure 1; 

Figure 3 is an enlarged view of a portion of a 
drive mechanism forming part of the present inven- 
tion; 

Figure 4 is a top plan view of the apparatus 
of the present invention; and 

Figure 5 is an enlarged sectional view taken 
along line 5-5 of Figure 4. 

While the present invention is susceptible of 
embodiment in various forms, there is shown in the 
drawings and will hereinafter be described a pres- 
ently preferred embodiment with the understanding 
that the present disclosure is to be considered as 



an exemplification of the invention, and is not in- 
tended to limit the invention to the specific embodi- 
ment illustrated. 

Referring now to the drawings, wherein like 

5 reference numerals refer to like parts throughout 
the several views, there is illustrated an apparatus 
10 for operating on one or more chemical reaction 
packs 12. Each chemical reaction pack 12 com- 
prises a seated hollow body formed from fluid 

10 impermeable pliable material which is separated or 
divided into a series of aligned chambers: each 
chamber having a blister-like configuration. A test 
liquid is contained within one of the chambers and 
suitable reagents are contained within other cham- 

75 bers. 

A more detailed description of a preferred form 
of reaction pack is provided in co-pending Eu- 
ropean patent application filed concurrently here- 
with, entitled "Temperature Control Device and Re- 

20 action Vessel". 

The apparatus 10 of the present invention is 
preferably constructed as a self-contained unit in- 
cluding a -base assembly 14 having a supporting 
surface 16 for supporting the chemical reaction 

25 packs 12 thereon in a substantially horizontal 
plane. As illustrated in figures 1 and 4, support 
surface 16 is preferably sized to accommodate a 
plurality of chemical reaction packs 12 in side-by- 
side and end-to-end relation relative to each other. 

30 Apparatus 10 includes pressure applicators 20 

arranged above the support surface 16 of base 
assembly 14. In a preferred form, each pressure 
applicator 20 comprises a roller 21 located a pre- 
determined distance above the support surface 16 

35 for applying external pressure to a reaction pack 12 
to transfer the liquid contained in the pack from 
one chamber to another. 

Each roller 21 is moved through a range of 
movement extending endwise across the reaction 
40 packs by a drive mechanism 22. As best illustrated 
in Figure 2, drive mechanism 22 includes an elon- 
gated shaft 24 extending above and laterally across 
the support surface 16. A first series of rollers 21 
are arranged endwise and freely rotatable on shaft 
45 24. 

To facilitate an Increase in the capacity of the 
apparatus 10. another elongated shaft 26 (Figure 1) 
extends above and laterally across the support 
surface 16. Shafts 24 and 26 extend substantially 

50 parallel to each other and to the support surface 
16. A second series of rollers 21 are arranged 
endwise and freely rotatable on shaft 26. 

The drive mechanism 22 moves the shafts 24 
and 26 with the rollers 21 mounted thereon across 

55 support surface 16. In a preferred form, the drive 
mechanism 22 conjointly moves both shafts 24 and 
26 and the rollers supported thereon. The appara- 
tus can be readily modified to operate shaft 24 with 
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a first series of rollers 21 supported thereon In- 
dependently of shaft 26 which has a second series 
of rollers 21 supported thereon. 

The drive mechanism 22 and its relative asso- 
ciation with shaft 24 will be described in detail with 
the understanding that similar construction Is pro- 
vided for shaft 26 and/or other shafts which support 
rollers 21 thereon. 

As illustrated in Figure 3, the drive mechanism 
22 includes a non-rotatable bracket 32 supported at 
one end of shaft 24. An axially elongated worm 
gear 34 extends in a direction generally orthogonal 
to the shaft 24 and threadably engages and passes 
through bracket 32. Opposite ends of the worm 
gear 34 are rotatably journalled In opposite ends of 
an upright support 36 connected to the base as- 
sembly 14 and extending generally parallel to the 
worm gear 34. Another upright support 38 (Figure 
2) similar to support 36 Is provided at the opposite 
end of shaft 24. A motor 40 (Figure 4) is fixedly 
supported on base assembly 14 for rotatably driv- 
ing the worm gear 34 in opposite directions to 
effect linear movement of the shaft 24, thereby 
moving rollers 21 through their range of movement 
across the support surface 1 6. 

The drive mechanism 22 is designed to facili- 
tate programming of the apparatus and to allow 
each of the rollers 21 co-equally act on each reac- 
tion pack 12 during their range of movement. To 
effect such ends, and as illustrated in Figure 2. 
drive mechanism 22 includes rack and pinion as- 
semblies 44 and 46 arranged at opposite ends of 
shaft 24 and extending substantially perpendicular 
or orthogonal thereto. 

Alternatively, packs 12 can be operated upon 
randomly, if so desired. 

As Illustrated in Figure 3, rack and pinion as- 
sembly 44 includes a gear rack 48 and a pinion 
gear 50 accommodated within a cavity 51 defined 
in support 36. Gear rack 48 is arranged endwise on 
support 36 and extends parallel to the worm gear 
34. Pinion gear 50 Is pinned or otherwise affixed to 
one end of shaft 24. 

Similarly, and as illustrated in Figure 2, rack 
and pinion assembly 46 includes a gear rack 52 
and a pinion gear 54 accommodated within a cavity 
55 defined in support 38. Gear rack 52 is arranged 
on support 38 and extends parallel to gear rack 48. 
Pinion gear 54 is pinned or otherwise affixed to the 
opposite end of shaft 24. 

Drive mechanism 22 further comprises bear- 
ings 56 and 58 provided at opposite ends of shaft 
24. As Illustrated in Figure 2. bearings 56 and 58 
are entrapped between respective upper guide 
faces 60 and 62 defined on respective supports 36 
and 38. and respective elongated lower rails 64 
and 66. Each rail 64 and 66 is fixed relative to the 
support surface 16. Accordingly, the horizontal axis 



of shaft 24 about which rollers 21 move during their 
range of movement is maintained substantially par- 
allel to and in a constant orientation with the sup- 
port surface 16. 
5 The apparatus 10 of the present invention fur- 

ther includes a plurality of temperature-controlling 
elements for providing rapid temperature changes 
in the fluid contained within the reaction pouch. As 
illustrated in Figure 1 , a first series of temperature- 
w controlling elements 70 are associated v/ith shaft 
24, while a second series of te:r»perature-control- 
ling elements 70 are associated v/ith shaft 26. Each 
temperature-controlling element 70 is efficient, in- 
expensive and capable of rapidly moving the tem- 
75 perature of 140m of liquid from 95'c to 55'C to 
70 and back to 95° C in a time period of from 
45s to 105s (0.75min to 1.75 min; with a dwell time 
of at least 3s at each of these temperatures. 

Turning to Figure 5. in a preferred form, each 
20 temperature-control element 70 includes an upper 
unit 72 and a lower unit 74. Each upper unit of the 
temperature-control elements 70 is supported in 
substantially the same manner. Accordingly, only a 
temperature-control element 70 as mounted to 
25 shaft 24 win be described in detail. Each upper unit 
72 Is carried in advance of and In alignment with a 
pressure applicator 20. A suitable cantilevered 
bracket 76 serves to mount the upper unit 72 to the 
shaft 24. Accordingly, when the pressure applicator 
30 20 is moved through its range cf movement the 
upper unit 72 of the temperature control element 
70 moves therewith. 

As illustrated in Figure 5. the support surface 
16 defines a series of apertures 80 (only one of 
35 which is shown) which permit the lower heating unit 
74 of the temperature control element to provide 
the necessary heating cycle to a lower surface of 
the chemical reaction pack 12. Additional heaters 
(not In the path of the pressure applicators 20) are 
40 provided as necessary for areas of the reaction 
pack which must be maintained at substantially 
constant temperature to receive the liquid warmed 
by the upper heater unit 72. 

As illustrated in Figures 1 and 2, a pair of 
45 elongated tubular members 82 and 84 extend gen- 
erally parallel to and In vertically spaced relation 
. with shafts 24 and 26 respectively. The tubular 
members 82 and 84 are supported at one end by 
the non-rotatable brackets 32 of the drive mecha- 
50 nism 22. Support members 86 and 87, which are 
carried by the respective shafts 24 and 26, verti- 
cally support the other end of tubes 82 and 84. 
Accordingly, tubes 82 and 84 move with their re- 
spective shafts 24, 26 as the pressure applicators 
55 20 move through their range of movement. 

Tube 82 and 84 are connected to a source of 
cooling air 88 (Figure 1). Moreover, tubes 82 and 
84 have a series of conduits 90 (Figures 1 and 5) 
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which direct the cooling air from the tubes 82 and 
84 to the various temperature-control elements 70 
to provide the gradients in temperatures required. 

Base assembly 14 further contains a computer, 
temperature measurement circuits, heater and mo- 
tor drive circuits, and power supplies (not shown). 
A computer program controls functioning of the 
apparatus 10 and allows for changes to the operat- 
ing parameters. An internal filter/regulator and sole- 
noid valve will provide control to the air directed to 
the temperature-control element 70. 

Transfer of the reagents in the chambers of the 
reaction packs is achieved by the action of the 
pressure applicators 20 against the blister-like 
chambers in the reaction packs. In the start posi- 
tion, the upper and lower units 72 and 74 of each 
temperature-control element are positioned to pro- 
vide the necessary heating and cooling cycle for 
the liquid in the reaction pack. As the pressure 
applicators 20 linearly move through their range of 
movement, each roller 21 applies an external pres- 
sure against the reaction pack to transfer the liquid 
from one chamber to an adjacent chamber. More- 
over, as the pressure applicators are moved, the 
upper unit 72 of each temperature-control unit 70 is 
pushed before the pressure applicator and is posi- 
tioned over a succeeding chamber in the reaction 
pack which requires heating. After the start posi- 
tion, all subsequent chambers in the reaction packs 
are heated from the top only! 

To effect movement of the pressure applicators 

20 in either direction, motor 40 is suitably operated 
to rotatably drive the worm gear 34. Engagement 
between worm gear 34 and each of the non-rotat- 
able brackets 32 in the drive mechanism 30 causes 
linear displacement of the brackets and thereby the 
shafts 24 and 26 connected thereto. 

To simplify control of the apparatus 10 and to 
ensure that corresponding chambers in each reac- 
tion pack are activated simultaneously for an equiv- 
alent time period, drive mechanism 22 is designed 
such that shafts 24 and 26 and the pressure ap- 
plicators 20 carried thereby maintain a substantially 
constant orientation relative to the support surface 
16. The rack and pinion assemblies 44 and 46 
associated with each shaft 24 and 26 of the drive 
mechanism are provided to effect such ends. Each 
gear rack 48 and 52 is held stationary above the 
support surface 26. Each pinion gear 50 and 54 
which intermeshes with the racks 48 and 52, re- 
spectively, is therefore caused to rotate upon linear 
movement of the shafts 24 and 26 with the rollers 

21 attached thereto. Because each pinion gear is 
affixed to an end of a respective shaft, rotational 
movement imparted to the pinion gear is likewise 
imparted to the shaft. Accordingly, each shaft is 
positively driven at both ends and is maintained 
substantially perpendicular to the longitudinal axis 



of the packets regardless of where a driving force 
is applied thereto and regardless of which of the 
rollers. 21 carried thereon runs into resistance from 
the reaction pouch. 

5 Moreover, the bearings 56 and 58 arranged at 

opposite ends of each shaft 24 and 26 further 
promote and maintain a substantially constant ori- 
entation between the pressure applicators 20 and 
the support surface 16. The ability to maintain a 

70 constant orientation between the pressure applica- 
-tors 20 and the support surface 16 simplifies the 
control of the apparatus 10 and allows each of the 
packs to be co-equally acted upon for equal time 
periods, thereby facilitating handling of the reaction 

75 packs. 



Claims 

20 1 . Processing apparatus for transferring a fluid 

between chambers in a chemical reaction pack, the 
pack having blister-like chambers formed therein, 
the apparatus comprising:- 

a support surface (16) for supporting at least one 
25 chemical reaction pack (12) in a substantially hori- 
zontal plane; 

at least one pressure applicator (20. 21 ) supported 
above the support surface (16) for acting on an 
associated reaction pack (12) to transfer fluid be- 

30 tween adjacent chambers; and 

operating means (22. 24, 26. 32, 34, 36. 38. 40, 44, 
46, 48, 50. 52, 54, 56. 58, 64. 66) for moving each 
pressure applicator (20. 21) through a range of 
movement extending across the associated reac- 

35 tion pack (12); 

characterized in that the operating means (22, 24, 
32, 34, 36. 38, 40, 44, 46, 48. 50, 52. 54, 56, 58, 
64, 66; 26) comprises a shaft (24; 26) having at 
least one pressure applicator (20, 21) arranged 

40 thereon, the shaft (24; 26) advancing each pressure 
applicator (20, 21) across the support surface (16) 
while maintaining a substantially constant orienta- 
tion between each pressure applicator (20, 21 ) and 
the support surface (16). 

45 2. Processing apparatus according to claim 1, 

wherein the operating means further cortiprises a 
non-rotatable bracket (32) supporting one end of 
the shaft (24; 26), an axially elongated worm gear 
(34) extending in a direction generally orthogonal to 

50 the shaft (24; 26) and threadably engaging the 
bracket (32), and drive means (40) for rotatably 
driving the worm gear (34). 

3. Processing apparatus according to claim 1 
or 2, wherein the operating means further includes 

55 rack and pinion means (44, 46, 48, 50, 52, 54) 
arranged at opposite ends of the shaft (24; 26) for 
ensuring that the shaft (24; 26) advances across 
the support surface (16) while maintaining a sub- 
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stantially constant orientation with the support sur- 
face (16) throughout the range of movement of 
each pressure applicator (20, 21). 

4. Processing apparatus according to claim 3, 
wherein the rack and pinion means comprises a 5 
gear rack (48, 52) extending generally orthogonal 

to the shaft (24; 26), and a pinion gear (50, 54) 
intermeshed with the rack (48. 52) and mounted on 
the shaft (24; 26). 

5. Processing apparatus according to claim 4, iq 
wherein the operating means further includes bear- 
ing means (56, 58) carried by the shaft (24; 26) for 
facilitating its movement across the support surface 
(16). 

6. Processing apparatus according to claim 5, 75 
wherein the operating means further includes a rail 

(64, 66) adjacent to the gear rack (48, 52) and 
fixedly arranged relative to the support surface (16) 
so that the bearing means (56. 58) carried by the 
shaft (24; 26) rides on the rail (64, 66). 20 

7. Processing apparatus according to any one 
of the preceding claims, further including 
temperature-control elements (70, 72) movable with 
the pressure applicators (20. 21) and operable 
upon the reaction pack (12) to change its tempera- 26 
ture. 

8. Processing apparatus according to claim 7. 
wherein the support surface (16) is apertured to 
accommodate temperature-control elements (74) 
beneath the reaction packs (12). 30 

9. Processing apparatus for transferring a fluid 
between blister-like chambers in a chemical reac- 
tion pack comprising: 

a support surface (16) for supporting a plurality of 
the reaction packs (1 2) in side-by-slde and end-to- 35 
end relation relative to each other; 
at least one roller (20, 21) supported above the 
support surface (16) and in alignment with the 
blister-like configurations on the reaction packs 
(12); and 40 
drive mechanism means (22, 24. 26, 32, 34. 36. 38. 
40, 44, 46, 48. 50. 52. 54. 56, 58. 64, 66) for 
moving the rollers (20, 21) across the support sur- 
face (16) to operate against the reaction packs (12) 
and facilitate transfer of fluid therethrough; 45 
characterized in that the drive mechanism means 
(22, 24. 26. 32, 34. 36, 38, 40, 44. 46, 48, 50. 52, 
54, 56, 58, 64, 66) comprises at least two spaced 
apart generally parallel shafts (24, 26) each having 
a series of the rollers (20, 21) arranged endwise so 
thereon; 

and in that the drive mechanism means (22. 24, 26, 
32, 34, 36. 38, 40. 44. 46. 48, 50. 52. 54, 56. 58, 
64, 66) advances the shafts (24, 26) with the rollers 
(20, 21) arranged thereon across the support sur- 55 
face (16) while maintaining a substantially constant 
orientation relative to the support surface (16). 
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@ Disposable reaction packs for use in automatic 
analysis equipment are known. These packs com- 
prise a body which is divided into successive cham- 
bers, each of which contains a fluid. Mixing of the 
fluids in such packs is achieved by manually apply- 
ing pressure to each chamber of the reaction pack to 
open the seal between each chamber. This process 
Is time-consuming, inaccurate and could result in 
damage to the reaction pack. Described herein is 



apparatus (10) for transferring liquid from one cham- 
ber to another in successive chambers of a chemical 
reaction pack (12). The apparatus (10) comprises a 
support surface (16) on which the packs (12) are 
placed, and a plurality of pressure applicators (20) 
which are driven to apply pressure to the packs (12). 
Temperature control elements (70) are also provided 
to heat and cool the liquid contained within each 
chemical reaction pack (12). 
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Thermpneumatically actuated microvalves and 
integrated electro-fluidic circuits 

Mark J. Zdeblick, Rolfe Anderson, Joe Jankowski, Bob Kline- 
Schoder, Lee Christel, Robin Miles, Walter Weber 
Redwood MicroSy stems. Inc. 
1030 Hamilton Court 
Menlo Park, California 

Abstract 

An electro-fluidic multi-chip module (E/F MCM) technology 
incoqjorating microfabricated sensors and actuators has been 
developed for diverse research and commercial applications. 
The first E/F MCM incorporates a thermopneumatically 
actuated valve, a piezoresistive pressure sensor, and feedback 
electronics to create a complete electrorucaUy programmable 
pressure regulator. Both the operation of the valve and the 
pressure regulator are described. By routing chemicals 
between various reaction vessels and detectors, future E/F 
MCM's may be used to process chemical information in a 
manner analogous to the way computers manipulate 
electronic information. 

Introduction 

The idea of using silicon as an electro-fluidic substrate for 
chemical analysis evolved in the laboratory of Professor James 
B. Angell at Stanford University in the late 1970's and early 
1980's^ In that same laboratory, other microfluidic devices 
werebuilt2.3,4 and the first complete integrated microvalve 
was producedS/6. Later, the concept of using silicon as a 
substrate for multiple valves, electronics, and detectors to 
perform chemical operations as complex as DNA analysis 
evolved7'S,9 Others have built micropumps lO'ii'^2^ 
microvalves with a variety of actuation mechanisms^ 3,u,i5^ 
flow sensors^^ and electrophoreisis separators'^. A ruce 
review paper documenting the surge of interest in 
microfluidics has recently been published^^^ xhis paper 
focusses on thermopneumatically-actuated microvalves and 
their role in integrated circuits that have fluidic as well as 
electronic elements, enabling chemical instrumentation of 
increasing complexity but decreasing size. 




Principles of Operation ^ u 

An Electro-Fluidic Multi-Chip Module (E/F MCM) may be 
comprised of five functional groups: 1) a fluid management 
system including flow charmels, valves, mixers, and reaction 
chambers; 2) one or more sensors for measuring any of a 
number of parameters, including pressure, flow, pH, optical 
properties, and electrical properties; 3) separation systems for 
refining chemical products from reagents; 4) interface and 
control electronics; and 5) a multi-chip module manufacturing 
technique that integrates these electronic and fluidic 
functions. In the example of an E/F MCM described herein, 
the fluid management system is comprised of a 
thermopneumatic-microfabricated valve, an orifice, input and 
output ports, and a flow channel connechng them; the sensor 
is a pressure ser\sor; the separaHon system is omitted; the 
electronics are an analog feedback control circuit that provide 
pressure regulation; the MCM manufachiring technique is a 
direct extension of standard PC board manufacturing 
methods used in the IC industry. 

Operation of the microfabricated valves 
The key component of a microfabricated 
thermopneumatically actuated valve is a silicon diaphragm 
made by etching a precisely controlled recess in a silicon 
substrate. A Pyrex wafer with a resistor fabricated onto its 
surface covers the liquid-filled recess, creating a hermetically 
sealed control cavity. Dissipating energy in the resistor heats 
the liquid, increasing the pressure inside of the sealed vessel, 
increasing the volume of the vessel This pressure is used to 
modulate the flow of either gas or liquid in the adjacent 
channel. In a Normally Open (NO) configuration (Figure 1), 
the edges of the diaphragm are fixed in space. Increasing 
control cavity volume pushes the silicon membrane towards 
the valve seat. In a Normally Closed (NC) configuration 
(Figure 2), a point on the diaphragm is fixed in space. 
Increasing control cavity volume causes the edges of the 
diaphragm to move away from the valve seat. The devices 
shown in Figures 1 & 2 are both designed for gaseous 
operation. Similar devices optimized for liquid operation 
prevent the liquid from contacting the electrical connections. 

Since the NO and NC valves are made using a similar process, 
only the Normally Closed process is illustrated in Figure 3. 
- pyrex 



Actual Size 

Figure 1 : The Normally Open thermopneumatically actuated Fluistor^^ Microvalve features 
a hquid filled cavity which when heated, forces a silicon diaphragm outward over valve seat. 
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These drawings represent an illustrative cross-section through 
a single device; t\*pically nearly one hundred devices are 
made simulaneously on a single wafer. Figure 3a) shows the 
top pyrex wafer after one side has been coated with lOOOA Pt 
and patterned into a resistor. It also shows an electric / fluidic 
via through the pyrex. Figure 3b) shows the first step in the 
processing of the silicon wafer. Here a thick (1.2 p.m) layer of 
Si02 is growTi in a humid environment at 1100°C and 
photolithographically patterned as shown. Figure 3c) shows 
the silicon wafer after it has been etched in a hot (80®C) 
solution (33% w/w) of KOH, defining the control cavity and 
membrane. A second lithography and etch is performed, 
leaving a 40 [im thick silicon membrane and sealing ring, as 
shown in Figure 3d). The bottom wafer, shov\Ti in Figure 3e) is 
made of pyrex, which is ultrasonically drilled and polished. 
Figure 3e) shows the three wafers after they are bonded 
together. After being filled with the control liquid. Figure 2) 
illustrates how the cap seals the liquid in the control cavity. 
The complete valve, pictured in Figure 4, measures 6.3 x 6.6 x 
2.0 mm. 

One of the advantages of thermopneumatic actuation over 
other micro-actuated mechanisms — such as thermal 
bimorph, electrostatic or piezoelectric — is the independence 
of the actuation and the object being actuated. In this case, the 
object being moved is a diaphragm, whose flexibility, 
chemical inermess, and other properties can be completely 
optimized independently of the actuator. The actuator, i.e., the 
cavit>' full of gas and or liquid, can also be optimized 
independently from the membrane for a particular application 
by adjusting cavit)' shape, boiling point of the control liquid, 
quantit}' of both gas and liquid molecules, and other 
properties. The d\mamic range of the device can thus be quite 
broad: vacuum pressures to hundreds of atmospheres; gas, 
liquid, and corrosive fluids; ultra-low (|il/min of gas) to 
industrial (lO's slpm) flow rates. Valves of this t>'pe have been 
built that control liquids at 204 bar (3000 psig). Flow rates of 
similar valves have been built that exceed 15 slpm of N2 at 7 
bar (103 psid). 
Seal 



Compared to other microvalve technologies, 
thermopneumatic actuation exerts tremendous force through 
a long stroke. The maximum displacement of a NO valve is 
about 50 ^im- Since the upper portion of a NC valve rotates, its 
maximum vertical displacement is about 150 \im. A 
thermopneumatic actuator is capable of providing significant 
force throughout this displacement — over 20 N (200 bar x 
6900 N/m-/bar x 1.6 x 10'^ m-) through a 50 \im stroke has 
been demonstrated in the case of the NO valve. 
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Figure 3: Process flow of a normally closed valve 





* Actual Size 

Figure 2: Niormally Closed thermopneumatically actuated Fluistor^^^ Microvalve 
features a liquid filled cavity which when heated, flexes a silicon diaphragm Figure 4: Photograph of a Fluistor^" microvalve. 
forcing the valve cover to lift off the valve seat. 
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This long stroke allows a thermopneumatically-actuated 
microvalve to control high flow rates and pressures relative to 
other microvalve technologies. The high operating pressure 
capabilit\' not only extends its application to high pressure 
applications, it allows the use of signific<int force for 
preventing leaks across the valve seat. Long stroke and 
smooth actuation allows stable control of flow rate over a 
wide dynamic range: single valves are capable of controlling 
stable flow rates continuously from 0.001 scan to 10 slpm. 
Flow V. pressure at a variety of ambient temperatures and 
flow V. applied power at a variety of supply pressures are 
shown in Figure 5a & 5b (Normally Open) and Figure 6a & 6b 
(Normally Closed). 

Pressure Sensor 

The sensor used in this E/F MCM is a piezo resistive, silicon 
membrane device (SenSym, Milpitas CA). The silicon sensor is 
encapsulated in a plastic "button" package that facilitates PC- 
board mounting. The sensor has a linearity and accuracy of 
about 1%. Linearity and precision may be extended to about 
0.1% through the use of well-established digital compensation 
techniques that correct for nonlinearities in the sensor caused 
by temperature and pressure variations- 
Feedback electronics 

The analog control circuit provides the necessary power 
signal for the pressure sensor and conditions the sensor 
output appropriately for the implementation of the pressure 
control system. The analog pressure control system calculates 
a valve control signal as the sum of three terms; one term 
proportional to the pressure error, one term proportional to 
the integral of the pressure error, and one term proportional 
to the filtered derivative of the pressure error. Therefore, the 
controller is a classical PID (proportional-integral-derivative) 
controller. Since the system is non-linear, however, the gains 
have been set to maximize the time of response without 
unduly sacrificing transient overshoot or steady-state 
performance- The selected gains result in a controller which 
closely resembles a modified-bang-bang controller bang- 
bang control until the operating point is within range of linear 
behavior at which point the PID control behavior dominates. 
The output of the control electronics is a 0 - 15 VoU signal 
which serves as the command to the valve chip drive 
electrcmics. As the valve membrane deflects due to changes in 
the voltage applied to the heater, the flow through the valve 
will vary, changing the sensed pressure, which is used by the 
controller to continually adjust the valve heater voltage until 
the sensed pressure matches the desired pressure. 
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E/F MCM Manufacturing technique 
Multi-Chip Module is a widely known manufacturing 
techruque in the electronics industry for integrating electroruc 
chips together at the die-level to reduce the volume of the 
package and improve the performance of the system. Non- 
packaged silicon die are bonded to a substrate, which 
provides electrical connections. In this way, a system 
designer has the flexibility of purchasing functionally 
specialized components or systems from different vendors 
and integrating them in an optimal way. Lower system cost 
smaller size, greater reliability, higher frequency response, 
and electro-optic transduction are all attributes that make 
MCMs higher value-added products. 

Here, we demonstrate an MCM for electro- fluidic circuits, i.e., 
consists of fluidic and electronic elements. The construction 
and choice of materials of the fluidic element has an influence 
on the performance of the valve in the module. Since 
currently available micromachined valves are thermal 
devices, the thermal mass and heat conduction of the 
manifold materials plays an important role in the response 
time and stability of the system. Ideally, the package should 
be a perfect heat sink, i.e. the chip interface stays near ambient 
temperature while dissipating heat from the chip. 

Since fluidic interfaces (input/output ports) for E/F MCMs 
must conform to industrv' standard fluidic fittings and tubing, 
these interfaces prevent shrinking the modules even further. ^\ 
For high density packaging requirements, a manifold with 
flange seal type O-rings is often the best choice. This format 
can eliminate fittings and tubing since the module can be 
pressed directly against larger manifolds or instrument 
bulkheads. In some applications, in-line connections with 
tube fittings are required — a solution that allows easy 
interface but sacrifices size efficiency. 

The MCM substrate contains milli-flow channels that are used 
to interconnect various fluidic and electro-fluidic components. 
This E/F MCM uses three such components: the microvalve, 
the pressure sensor, and an optional microfabricated capillary 
or orifice for relieving pressure applications. These three 
devices are interconnected with a channel buried in the 
substrate. Electronic traces are patterned on the surface of the 
substrate using standard PC-Board manufacturing techniques. 
The first example of an E/F MCM to use both microactuators 
and microsensors is shown in Figure 7 — the Mini Pressure 
Regulator. 

Flow V. Power at 25 ^ _ ^„ 

80 psi 

50 psi 
20 psi 




Power {W) 

Figure 5a: Flow vs. Power for a Normally Open valve at 20 
psig supplv pressure and a variety of ambient temperatures. 
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Figure 5b: Flow vs Power for a Normally Open valve at a 
variety of supply pressures and 20 =C ambient temperature. 
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Pressure regulators built using E/F MCM technology have 
excellent F>erformance characteristics including electronic 
pressure programnnability, broad dynamic range of flow 
(100,000:1), excellent supply pressure rejection (>100dB) and 
flow rate rejection (<0.1% full scale pressure/full scale flow), 
temperature insensitivit^^ (<0.1% full scale pressure/°C), 
minimal ripple (0.01% full scale pressure), and long term 
stability (variations <0.1% full scale pressure /year). When 
compared with manual mechanical regulators, these 
performajice characteristics are striking. Mechanical devices 
typically have small dynamic range (100:1), less supply 
pressure rejection (<40 dB), lower flow rate rejection (0.5% full 
scale pressure /full scale flow rate), reduced temperature 
insensitivity (1.0% full scale pressure/ **C), and poor long term 
stability (variations greater than 1.0% full scale 
pressure/year). Although small in size — measuring 63 x 8.6 
X 1.2 cm — it is capable of regulating continuously over a 
range of 0 to 100 psig with 0.5% accurac>'. The full 
performance specifications are summarized in Table 1. 

Virtually all of the closed-loop performance limitations of the 
E/F MCM pressure regulator arise due to the sensor 
calibration limitations. Higher performance E/F MCM 
pressure regulators will be based on digital control electrorucs 
and will incorporate accurately calibrated pressure serisors. 
Off-the-shelf pressure sensors with minimal compensation 
yield pressure signals which are accurate to no better than 
1.0% full scale pressure. Advanced digital calibration 
techniques will result in a pressure sensor with accuracies of 
at least ± 0.1% full scale pressure over a wide range of 
temperatures. Incorporation of a microprocessor for control 
opens up the possibilities of using intelligent control 
algorithms which can more easily implement nonlinear 
functions making fuzzy logic and neural network-based 
controllers attractive. Further, the uise of high accuracy 
pressure sensors combined with a microprocessor makes the 
development of a flow regulator a simple extension of the 
pressure regulator. 

One of the key advantages of the E/F MCM technology is the 
efficient use of space. Smce these modules can be made 
compactly, individual units can be combined to form more 
complex systems without sacrificing cost or size over 
specifically dedicated designs. For example, a manifold of 
pressure regulators can be efficiently constructed by 
mounting numerous E/F MCM pressure regulators to a 
common input gas line. This type of configuration is required 
by numerous industries including analytical instrumentation, 
_ Plow vs Power at 20 psi 
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Figure 6a: Flow vs. Power for a Normally Closed valve at 20 
psig supply pressure and a variet)' of ambient temperatures. 



gas chromatography, and other mixing applications. More 
complex modules for regulating pressure and flow of gases 
and liquids will be developed offering greatly reduced size, 
lower cost and higher performance than systems utilizing 
mechanical valves. 

Application of E/F MCM's in Medical Instrumentation 
The trend in the Medical marketplace is constantly towards 
reducing size and costs. Medical applications more 
commonly involve carrying liquids not gases and require on- 
off switching rather than proportional control. For these 
applications, E/F MCM materials require a higher degree of 
corrosion resistance and the feedback circuitry must close the 
control loop ver>' quickly. 

There are numerous medical applications where current E/F 
MCMs can perform proportional control of gas pressure. 
Anesthesia machines can be upgraded to perform automatic 
gas mixing and flow control — functions which today are still 
performed with manual valves and regulators. Insufflators, 
Instruments which inflate the abdominal cavity during 
surgery, can be equipped with Micro Pressure Regulators to 
provide dynamic closed-loop control of pressure during 
surgery, replacing larger, more expensive and lower 
performance electro-mechanical valve-based systems. For 
Non-Invasive Blood Pressure monitoring (NIBP), E/F MCMs 
can be used to rapidly inflate and deflate pressure cuffs in a 
stable and predictable manner to facilitate rapid and accurate 
blood pressure measurement — the size and affordability of 
the E/F MCMs will enable the NIBP industr>' to utilize closed- 
loop control of pressure to replace unstable, open-loop 
solenoid valve systems- 
Future E/F MCM's designed for liquid operation could 
provide a new platform on which a variet]^' of clinical 
chemistry operations could be performed. A concept sketch of 
such a "Universal chemical processor" is shown in Figure 8. 
Such a processor would have a number of different elements: 
an array of input ports to connect to a supply of reagents and 
samples; an array of valves to route selected chemicals to and 
from various nodes; a number of temperature controlled 
reaction chambers where the chemical reactions would take 
place; an array of separation devices for separating certain 
chemicals from each other; an array of detectors that sense the 
presence of chemical products; an array of output ports for 
disposing of waste materials as well as any chemicals that 
have been synthesized. A number of these microfabricated 
elements have been developed by various researchers around 

Flow V Power at 25'*C 
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Figure 6b: Flow vs. Power for a Normally Closed valve at a 
variet%- of supply pressures and 20 "^C ambient temperature. 
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the world, including electrophoresis separation, optical 
detectors, pH sensors, valves, and temperature controlled 
reaction chambers. Integrating them together will provide a 
compact chemical analysis system with tremendous flexibility 
and sensitivity. 

Conclusions 

A microfabricated valve has been developed for operation on 
both gases and liquids. This device has enabled the 
developent of Electro /Fluidic Multi-Chip-Modules. Already, 
this level of integration provides an architecture capable of 
perform complex functions in a small space. The next 
challenge will be to provide these chips in a monolithic 
construct, with multiple valves or sensors manufactured 
simultaneously on a common substrate — the first Electro- 
Fluidic Integrated Circuits. Mirroring the semiconductor 
industry, these chips will rapidly increase in capabilities, as 
their size and costs are reduced. The revolutionary impact on 
the instrumentation marketplace will be analogous to the 
impact of semiconductors on the computer marketplace. 
Today's instruments — the equivalent of yesterday's 
mainframe computers — will be replaced by the 
instrumentation equivalents of workstations, lap-tops, and 
field portable units. 

-TABLE 1- 

Performance Benefits of E/F MCM Pressure Regulators 



Performance Criteria 



E/F MCM Mechanical 



t>ynamic Range: 


100,000:1 


100:1 


Supply Rejection: 


> 100 dB 


<40 dB 


Flow Rate Rejection: 
(percent of full scale pressure) 


< 0.1% 


0.5% 


Temperature Insensitivity: 
(percent of full scale pressure/ °C) 


< 0.1% 


1.0% 


Long Term Stability: 

(percent pressure variation /year) 


< 0.1% 


1.0% 


Programmability: 


yes 


no 
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Figure 7: The size and cost benefits of E/F MCM products 
increase as product complexity increases. Custom manifolds 
and multiplexors — such as this pressure regulator for a 
protein synthesizing instrument — will replace larger, more 
expensive electro-mechanical systems. 



Figure 8: Universal chemical analysis manifold 
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